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ABSTRACT 
The chemistry of macrocycles is a rich and diverse field of study and still forms the 
basis of much extensive exploration. The idea conceived to work for Ph.D. thesis in 
this area is to synthesize some macrocyclic ligands and their complexes involving first 
row transition metal ion in order to investigate their structural novelties and to explore 
their biological significance. The work embodied in this thesis is {M-esented in six 
chapters described below: 
The First chapter 'Introduction' of this thesis gives a brief but comprehensive 
accoimt of work carried out on several classes of macrocycles with special emphasis 
on saturated macrocycles, Schiff base macrocycles, pendant arm macrocycles etc. The 
various aspects covering synthetic strategies, properties, fiinctionalities, reactivitie'S, 
structures and application of macrocyclic compounds have been extracted from 
different reviews, articles and hundreds of research publications reported by eminent 
workers during past few decades. 
The Second chapter 'Experimental methods' describes the basic principles and 
theories of various techniques used in the characterization of the newly synthesized 
macrocyclic ligands and their complexes. The stoichiometry of macrocyclic ligands 
and their complexes have been ascertained by elemental analysis, mass spectrometry 
and jobs method while the natures of complexes have been drawn by molar 
conductance studies. The formation of ligands and the complexes and the nature of 
bonding in them have been deduced by spectroscopic techniques viz, infrared and 
nuclear magnetic resonance. However, the stereochemistry was inferred fi'om the UV-
visible, electron paramagnetic resonance and magnetic susceptibility measurements. 
The thermal stability of the complexes was investigated using thermal analysis. The 
antimicrobial activity of the macrocyclic ligands and their complexes was performed 
by the disc diffusion technique while a significant binding to calf-thymus DNA have 
been accounted by absorption and fluorescence studies. 
The Third chapter entitled, "Metal-ion directed synthesis of binuclear 
octaazamacrocyclic complexes of manganese(II), cobalt(II), nickel(II), copper(II) and 
zinc(II) and their physico-chemical studies" deals with the synthesis of a novel series 
of binuclear octaazatetraimine macrocyclic complexes, [M2LX4] [M = Mn(II), Co(II), 
Ni(II), Cu(II) and Zn(II); L = 5,6:13,14-dibenzo-3,8,n,16-tetramethyl-
l,2,4,7,9,10,12,15-octaazacyclohexadeca-3,7,ll,15-tetraene:; X = CI or NO3] by the 
metal template condensation reactions of N,N'-diacetylhydrazine with o-
phenylenediamine in a 1:1:1 molar ratio. The stoichiometry of the binuclear 
octaazatetraimine macrocyclic complexes confirmed by the results of elemental 
analyses. The positions of molecular ion peaks in the mass spectra were also 
consistent with the proposed molecular formulae. The appearance of a new strong 
single band in the 1590-1630 cm'' region characteristic of coordinated imine function 
v(C=N) and loss of bands characteristic of NH2 and CO groups of o-
phenylenediamine and N,N'-diacetylhydrazine moieties, respectively in the IR 
spectrum suggest the formation of proposed macrocyclic framework. A strong band 
characteristic of the coordinated secondary amino stretching mode appeared in the 
3210-3260 cm' region. All the complexes show sharp bands corresponding to v(C-
H), 6(C-H), v(M-N). The phenyl ring vibrations observed at their expected positions. 
The appearance of new bands characteristic of v(M-O) of the O-NO2 group and v(M-
Cl) in [M2L(N03)4] and [M2LCI4] complexes, respectively, indicate the existence of 
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the coordinated nitrato and chloro groups in complexes. The low molar conductance 
values show their non-electrolytic natvire. The ' H N M R spectrum of Zn(Il) complexes 
show a sharp signal at 1.81 and 1.83 ppm for the complexes [M2L(N03)4] and 
[M2LCI4] corresponding to imine methyl (CH3C=N; 12H) protons further confirms 
the IR spectral findings. A broad signal observed at 4.45 and 4.50 ppm ascribed to the 
secondary amino protons (C-NH-N; 4H) of the condensed N,N' -diacetylhydrazine 
moiety. However no resonance signal could be identified corresponding to primary 
amino protons. 
The Fourth chapter entitled, "synthesis and spectral characterization of 14- and 16-
membered tetraazamacrocyclic Schiff-base ligands and their transition metal 
complexes and a comparative study of interaction of calf-thymus DNA with 
copper(lI) complexes" discusses the preparation of novel Schiff base ligands, 7,14-
dimethyl-5,12-di(N-aniino)-2-methylphenyl-1,4,8,11 -tetraaza-cyclotetradecane-
4,7,11,14-tetraene (L*) and 8,16-dimethyl-6,14-di(N-amino)-2-methylphenyl-
l,5,9,13-tetraaza-cyclohexadecane-5,8,13,16-tetraene (L^) formed by the 
condensation reaction of 2-methylacetoacetanilide and aliphatic diamines in methanol 
under reflux. The reactions of ligands, L* and \} with metal ions in 1:1 molar ratio 
yield complexes of the types, [ML ' ] (N03)2 and [ML^(N03)2] [M = Co(ll), Ni(ll), 
Cu(II) and Zn(II)]. The formation of the ligand fiameworks and their complexes was 
deduced on the basis of elemental analyses, molecular ion peak in ESI-mass spectra. 
The appearance of the strong intensity bands at 1630 and 1635 cm"' assigned to the 
imine function \)(C=N) in the IR spectrum confirm an effective Schiff base 
condensation of 2-methylacetoacetanilide and aliphatic diamines. However, its 
position has been found to be negatively shifted by 25-40 cm"' in the complexes 
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suggesting the participation of imine nitrogen in coordination with metal ions. This is 
fiirther supported by the appearance of a new medium intensity band in the 480-500 
cm"' region assignable to t)(M-N) vibration. The IR spectrum of [ML ](N03)2 
complexes show bands in the 1384-1390 cm"' region corresponding to the 
uncoordinated nitrato group while other prominent bands appear in the 1230-1270, 
1040-1070 and 860-890 cm"' region consistent with monodentate coordination of the 
nitrato group in [M(L^)(N03)2] complexes. The ' H N M R spectra of Schiff base 
macrocyclic ligands and their Zn(II) complexes show a sharp signal in the 2.35-2.57 
ppm region attributed to the methyl protons (-CH3; 12H). A triplet observed at 2.83 
and 2.88 ppm for L ' and L^ corresponds to the methylene protons (N-CH2-C; 8H) 
adjacent to the nitrogen atom of the unine function of macrocyclic framework. 
Another multiplet at 1.56 ppm assigned to the middle methylene protons (C-CH2-C; 
4H) of the 1,3- diaminopropane moiety in ligand \}. Resonance peaks for different 
protons of aromatic and pendant secondary amino protons (C-NH-C; 2H) appear at 
their expected positions. The resonance signals obtained for Zn(II) complexes show 
downfield shift as compared to the corresponding ligands. These findings are further 
supported by '^C NMR spectra which shows resonance signal at 158 and 169 ppm 
assigned to azomethine carbon signals for L ' and \} respectively. However, resonance 
signals for other carbons appear at their estimated positions in free ligand L ' and L .^ 
However, these values show a slight shifts in Zn(II) complexes. The electronic and 
electron spin resonance spectral studies and magnetic moment data confirm the square 
planar geometry for the complexes of ligand L ' and octahedral environment for the 
complexes of ligand L with distortion in Cu(II) complex. 
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Absorption and fluorescence spectral studies clearly indicate a different binding mode 
for the complex, [CUL'](N03)2, as compared with [CuL^(N03)2] on interaction with 
calf thymus DNA. 
The Fifth chapter entitled, "Synthesis, Physico-Chemical and Antimicrobial 
screening studies of complexes of Co(II), Ni(II), Cu(II) and Zn(II) with 18-membered 
SchifFbase octaazamacrocyclic ligand" deals with the synthesis of a novel Schifif base 
tetraimine macrocyclic ligand, 7,9:16,18-dinaphthyl-l,3,4,6,10,I2,13,15-
octaazacyclooctadecane-l,5,10,14-tetraene, L, resulted by the condensation reaction 
between 1,8-diaminonaphthalene and N,N'-diacetylhydrazine in a 1:1 molar ratio in 
methanol at room temperature. The composition of ligand and its complexes, formed 
by the reaction of ligand, L and transition metal ions [M = Co(II), Ni(II), Cu(II) and 
Zn(II)] in 1:1 molar ratio in methanol was confirmed by the molecular ion peaks M^ 
through ESI-mass spectrum and elemental analyses. The appearance of a new strong 
intensity band characteristic of u(C=N) and disappearance of bands characteristic of 
of t)(-NH2) and v(CO) of 1,8-diaminonaphthalene and N,N'-diacetylhydrazine 
moieties, respectively in the IR spectrum confirm the formation of Schifif base 
tetraimine macrocyclic ligand, L. A negative shift of ca. 25 cm"' in u(C=N) in the 
complexes indicate the involvement of imine nitrogen of the (C=N) group in 
coordination with metal ions. This is further supported by the appearance of a new 
medium intensity band in the region 480-500 cm' assignable to u(M-N) vibration. 
The appearance of new bands characteristic of i)(M-0) of the O-NO2 group and 
u(M-Cl) in the 230-240 cm"' and 275-300 cm"' regions indicates the existence of 
coordinated nitrato and chloro groups in [ML(N03)2] and [MLCI2] complexes, 
respectively. The molar conductivity data show their non-electrolytic behavior. Job's 
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method of continuous variation has been used to determine metal to ligand ratio for 
copper and cobah complexes which appears at wavelengths 645 and 500 nm, 
respectively. The same profile was observed when the diagram was constructed at 
different wavelengths. A sharp signal at 1.90 ppm ascribed to imine methyl 
(CH3C=N; 12H) protons in ' H N M R spectrum of the SchifFbase macrocyclic ligand 
fiuther confirms the IR spectral findings. A broad signal observed at 4.91 ppm may be 
ascribed to the secondary amino protons (C-NH-N; 4H) of the condensed N,N'-
diacetylhydrazine moiety. The spectrum further shows a multiplet in the region 7.06-
7.11 ppm (m, Ar-H) assigned to naphthalene protons. These values were found to be 
slight downfield in [ZnLCh] and [ZnL(N03)2] complexes, respectively. Another 
strong evidence for the formation of Schiff base macrocyclic ligand comes from '^ C 
NMR spectrum. The C NMR spectrum shows resonance signals of different carbon 
atoms of macrocyclic framework which appeared at their appropriate positions. The 
positions of resonance signals of free Schiff base macrocyclic ligand were found to be 
downfield shifted upon complexation. An octahedral geometry assigned for the 
complexes was inferred from the observed values of magnetic moments and 
electronic spectra and the position of bands in the EPR for Cu(II) complexes. The 
thermal behavior of the complexes has been studied by TGA analysis. The ligand (L) 
and its complexes have been screened against different bacteria and fungi in vitro. 
The Sixth chapter entitled, "Template Synthesis and Physicochemical Studies of 14-
membered Functionalized Pendant Arm Schiff base Macrocyclic Complexes of 
Co(Il), Ni(II), Cu(n) and Zn(ll): DNA Binding Study on Cu(II) Complex" deals with 
the synthesis of a series of functional pendant armed 14 - membered Schiff base 
macrocyclic complexes [ML(N03)2], [M = Co(II), Ni(II), Cu(ll) and Zn(ll); L = 
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2,3:9,10-biphenyldiamine-5,7,12,14-tetramethyl-1,4,8,11 -tetraaza-cycloteradecane-
4,7,11,14-tetraene] by template condensation reaction between 3,3'-diaminobenzidene 
and acetylacetone (1:2:2 molar ratio). The proposed metal to ligand ratio corresponds 
to the results of elemental analyses and mass spectra. The evidence regarding the 
formation of pendant arm Schiff base macrocyclic complexes have been deduced 
from the appearance of the u(C=N) bands in 1590-1620 cm"' region and loss of 
carbonyl bands of acetylacetone in the IR spectra. This is further supported by the 
appearance of a new band in the 480-500 cm"' region assignable to \)(M-N) vibration. 
However, the appearance of a doublet at 3380-3350 cm"' in all macrocyclic 
complexes confirm the presence of the primary amino groups of the benzidine moiety. 
All the complexes show sharp bands corresponding to u(C-H), 6(C-H) and phenyl 
ring vibrations at their expected positions. The coordination of nitrato groups has been 
ascertained by appearance of bands in the 230-240 cm"' region, assigned to u(M-O) 
of the O-NO2 group in [ML(N03)2] complexes. A sharp signal at 2.47 ppm 
corresponding to imine methyl (CH3C=N; 12H) protons, while a singlet at 2.13 ppm 
assigned to central methylene (C-CH2-C; 4H) protons of the 2,4-pentanedione in 
[ZnL(N03)2] complex further confirm the IR spectral findings.. However, a singlet at 
4.29 ppm attributed to the primary amino protons (C6H3-NH2, 8H) of benzidine and a 
broad multiplet observed in the region 6.95-7.21 ppm, assigned to the aromatic ring 
protons. The molar conductance measurements show non electrolytic nature of all the 
complexes. An octahedral geometry of the complexes was inferred from the observed 
values of magnetic moments and electronic spectra. Absorption and fluorescence 
studies on the [CuL(N03)2] complex proved a significant binding to calf thymus 
DNA. 
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INTRODUCTION 
The study of structure and conformation of large molecules has been a topic of 
interest for a number of years among workers in various areas of chemistry for 
equally various reasons. Among inorganic chemists, the nature of macrocyclic species 
with the potential to coordinate with metal ions has been an area of detailed study in 
recent years ^  especially as relevance of these systems to biochemical problems has 
been appreciated. This led the chemists all over the world to explore a new field in 
coordination chemistry, known as macrocyclic chemistry. A macrocycle, is as defined 
by lUPAC, "a cyclic macromolecule or a macromolecular cyclic portion of 
molecule". In the chemical literature, coordination chemists define macrocycle as a 
cyclic compound having nine or more heteroatomic members with three or more 
ligating groups. There have been enormous amount of work by a large number of 
researchers with their contribution towards thousands of research papers, various 
reviews and numerous patents which make the basis for the development of 
coordination chemistry of the macrocyclic ligands. It is almost impossible to confine 
their work in this introduction. 
The first documented macrocycle possessing a pyrrole subheterocyclic ring 
(Figure 1), resembling the porphyrins was synthesized^ in 1886 by Baeyer via the 
condensation of pyrrole and acetone in the presence of mineral acid. The first 
macrocyclic compoimd prepared from a diacid was dimeric ethylene succinate 
(Figure 2) reported^ by Vorlander in 1894. 
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-ith Prior to 19 century there existed only well established category of synthetic 
macrocyclic ligands containing nitrogen atoms, which were the highly conjugated 
phthalocyanines. Phthalocyanine'^ (Figure 3) and its derivatives bear a strong 
structural resemblance to the natural porphyrin systems. 
Figure 3 
Until the 1960's only the phthalocynines and various isolated compounds such as 
Alphen's cyclam (Figure 4) and the polyethers of Luttinghan^ were available (Figure 
5). 
Ctiapter-1 
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Since then, lot of advances have taken place considerably in the late 60's and early 
70's in the field of coordination chemistry of polyazamacrocycles by the pioneering 
and independent contributions*"'" of eminent scientists like Curtis, Busch, Jager and 
Pedersen (Figure 6). Charles J. Pedersen's publication'" (1967) "Synthesis and 
characterization of over 30 new cyclic polyether macrocycles" initiated tremendous 
and continuing interest in scientific community. These discoveries led to more 
systematic studies of macrocycles and their metal complexes and as such provided the 
comer stones on which supramolecular chemistry has been built. 
"iTf 
CO^R 
R' 
N HN IP N ^ N L 
Ni2+ / N N I Ni^ ^ 1 
^NH N ^ r ^^ " 1 ^ N N-^ 
11 NH HN U^ 1 
CO^R 
a. Curtis (1961) b. Busch (1964) c. Jager (1964) 
o o o 
o o o 
d. Pedersen (1967) 
Figure 6 
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This interest was stimulated by the possibilities which macrocycles offered to the 
creative chemist to investigate molecular recognition in new ways. The interest in 
design of novel macrocyclic ligands stems out mainly in view of their wide range of 
applications. For example macrocyclic compounds are commonplace in biological 
systems. The earliest known metal macrocyclic complexes are those incorporating the 
tetrapyrrole unit, found in naturally occurring, biologically-active substances", like 
haemoglobin'^ '*'*, chlorophyll* '^*^ and vitamin Bj^ coenzyme* '^''^ . Haemoglobin is 
quantitatively the most important hemoprotein in which the metal centre is located in 
a functionalized porphyrin ring (Figure 7a), known as a 'haem' group*'*'^ . 
Magnesium porphyrin complexes called chlorophyll (Figure 7b) play important roles 
in photosynthesis in green plants and some bacteria*'*'*^  while vitamin 8^ 2 is a cobalt-
binding corrin which acts as the cofactor for a number of enzymes for catalysis of 
17 
substrate rearrangement . 
H,C 
(a) 
OOH 
H,C 
Figure 7 
Particular interest in the clinical use of macrocycles has centered upon the 
paramagnetic complexes with lanthanides as contrast agents in magnetic resonance 
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imaging (MRI)'*. MRI contrast agents are paramagnetic substances which provide 
contrast between diseased and normal tissue in the body and/or show the status of 
organ function and blood flow'^. A contrast agent has to be stable and inert at 
physiological pH and in blood serum, and the enhanced stability of macrocyclic 
ligands fit these specific requirements. Derivatives of tetraazacyclododecane, dotarem 
(DOTA), proHance (HPD03A) and Gadobutrol (D03AB) (Figure 8) have been used 
commercially in gadolinium (III) complexes for MRI^ *^ . 
HO2C 
HO2C 
^/—\/—^^^ "^^—\/ V/—^ •<;o2H HO2C 
:o2H y 
,N N. 
CO-,H 
HO 
HO 
HO 
OH 
/ " -CO,H 
:o,H 
(a) (b) (c) 
Figure 8. The structures of DOTA (a), HPD03A (b) and D03AB (c). 
Macrocyclic compounds can also be used as anti-viral agents '^"^ .^ Their examples 
include the drugs AMD3100 '^'^ ^ and bis(Zn^ -^cyclen)^ '^^ ^ (Figure 9) . The drug 
AMD3100 is used in the treatment of patients who have cancers involving the blood 
and immune system. It is also one of the most potent anti-HIV agents known and has 
recently been in clinical trials against AIDS^ "*. The Zn(II) complex of xyl-bicyclam i.e. 
bis(Zn^^-cyclen), has been shown to be ten times more active than the ligand alone^ .^ 
CHapur-l 
.NH 
> H HN 
H,0 H,0 
NH HN. 
HN 
(a) (b) 
-2+ Figure 9. The structures of the drug AMD3100 (a) and bis(Zn -cyclen) (b). 
Macrocyclic nickel complexes find their use in DNA recognition and oxidation 
while macrocyclic copper complexes were used in DNA binding and cleavage^^. 
Macrocyclic complexes have also been used as medical imaging agents^ \ as 
therapeutic reagents for the treatment of metal toxication, in biomedical 
diagnostics^^ and in vivo hfMR shift reagents^ * .^ 
Apart from the biological implications, aspects of the chemistry of 
macrocyclic ligands are of relevance to a diverse number of other areas such as metal 
ion catalysis, organic synthesis, metal ion discrimination in addition to a number of 
potential industrial and other applications. These include their use as synthetic 
ionophores , as chemical sensors , as models to study the magnetic exchange 
phenomena^^, as sequestering reagents for specific metal ions '^*, as catalysts^^^^, as 
metal extractants^^, as dyes and pigments^^ and as new materials^^ like luminescent 
probes. Macrocyclic molecules can also function as receptors for substrates of widely 
differing physical and chemical properties which can be drastically altered upon 
complexation. Receptor capability is inescapably correlated with the design of a given 
ligand. 
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An extensive series of macrocyclic ligands has been synthesized and studied 
which are classified into various subdivisions'*". Figure 10 (I - XVIII). 
i. Coronands: These are macrocyclic species'"'*^ which contain various 
heteroatoms as binding sites (I and II). The complexes of these ligands are 
referred to as coronates. 
ii. Crown ethers: These are macrocyclic polyethers (III and IV). 
iii. Podandocoronands: These are macrocyclic ligands'*'* (V) with pendant 
podand chains laterally attached. 
iv. Macrocyclic polycarbonyls: These are cyclic ligands containing carbonyl 
functionalities: Their examples are the macrocyclic oligoketones'*^ (VI), the 
polylactones'*^ (VII) and the polylactams"^ (VIII). 
V. Spherands and hemispherands: Thes are macrocyclic ligands'* '^*^ (IX and 
X) which consist of arrangements of phenyl groups. 
vi. Calixarenes: These are macrocyclic^" (XI) phenol-formaldehyde 
condensation products. 
vii. Catapinands: These are diazabicycloalkanes*' (XII). 
viii. Catenands: These are two separate, but interlocked macrocyclic ligands"^ 
(XIII). 
ix. Cryptands: These are macropolycyclic receptor molecules"'^'* (XIV and XV) 
which provide a cavity for inclusion of a variety of substrates. Their 
complexes are known as cryptate. 
X. Cyclidenes: These are bicyclic macrocycles^^ (XVI) can coordinate with one 
metal ion and contain a protected "void" about the axial site of the metal ion. 
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XI. 
xu 
Sepulchrates: These are polyaza macrobicycles^^ (XVII) analogous to the 
cryptands. 
Speleands: These are hollow, macropolycyclic molecules^^ (XVIII) formed 
by the combination of polar binding units with rigid shaping groups. Their 
complexes are known as speleate. 
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Figure 10 (I - XVIII) 
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The compounds shown in Figure 10(I-XVIII) differ in type and number of binding 
sites and thus generally exhibit quite different affinities for a given metal ion. 
The main target in designing new and synthetic versatile ligand systems with requisite 
ligand design features is to develop macrocyclic complexes which are able to 
discriminate among the different metal cations. The factors influencing the 
selectivities of macrocycles for cations include macrocyclic cavity dimensions, shape 
and topology, substituent eifect, conformational flexibility/rigidity, donor atom type 
and their arrangement'*' ^ "^^ ^ The other features involved are: 
(i) the natural order of stability constants 
(ii) the metal ion-ligand donor compatibility derived from hard and soft acid and 
base character, and 
(iii) the preferential site symmetry required by the metal ion*^ . 
The match between the cation and the macrocyclic cavity diameter is especially 
visible in small cryptands and other preorganized macrocycles, such as calixarenes 
and spherands. In these cases, size selectivity goes together with the lack of flexibility 
of the ring which is too rigid to undergo conformational changes upon complexation. 
The influence of cavity shape is envisaged in some calixarenes" which exhibit very 
high "coordination geometry selectivity" towards U02^ '^ . For the first row transition 
metal ions tiie consecutive increments in radii are not large so it becomes difficult to 
effect discrimination solely on the cation-cavity (Scheme 1). 
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Scheme 1 
Macrocycles of the rigid types such as small cryptands and other preorganized 
macrocycles discriminate between cations that are either smaller or larger than the one 
with optimum size -"peak selectivity". Macrocycles of flexible type, such as larger 
crown ethers and cryptands discriminate principally among smaller cations -"plateau 
selectivity" . The number, kind and arrangement of donor atoms also play an 
important role in macrocyclic selectivities. The oxygen donors in classical crown 
ethers have the largest affinities for alkali, alkaline earth and lanthanide cations. The 
nitrogen donor atoms favor transition metal cations and sulfur donor atoms favor Ag^, 
Pb^*, and Hg^^ ^*.The incorporation of benzene, cyclohexane, pyridine rings and other 
constituents into flexible macrocyclic skeletons lead to their stiffening and may alter 
both ligand binding strength and selectivity. 
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The synthesis of macrocycles is an art in itself. There are four main approaches to 
prepare such macrocyclic ligand systems: 
1. Conventional organic synthesis. 
2. Metal ion promoted reactions, involving condensation of noncyclic 
components in the presence of suitable metal ion (Template effect). 
3. Modification of a compoimd prepared by methods a and b. 
4. High dilution technique. 
The preparation of the free macrocycles has certam advantages in many cases. The 
purification of the organic product may be more readily accomplished than 
purification of its complexes, and fiirther the characterization by physical techniques 
becomes easier. But the fi-ee macrocycles are often of low yield for the desired 
product and may have side reactions. To over come this problem the ring closure step 
in the synthesis may be carried out under conditions of high dilution^ or another way 
is that a rigid group may be introduced to restrict rotation in the open chain 
precursors^ '^^ ^ which facilitates cyclization. One of the most effective method for the 
synthesis of macrocyclic complexes involves an in-situ approach where the presence 
of metal ion in the cyclization reaction markedly increases the yield of the cyclic 
product. The metal ion plays an important role in directing the steric course of the 
reaction and this effect is termed "metal template effect"^^ The metal ion may direct 
the condensation preferentially to cyclic rather than the polymeric products. The metal 
ion and the anion are important to the template process because the balance between 
the size of the cation and anion will determine the degree of dissociation of the metal 
salt in the reaction medium^*. 
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Synthesis of multidentate macrocyclic ligands by the metal template method has been 
recognized as offering high-yielding and routes to new ligands and their 
complexes'^ '^ '^^ '^^ **. The template effect can be divided into two slightly more specific 
effects. The kinetic template effect describes the directive influence of the metal ion 
and controls the steric course of a sequence of stepwise reactions. In cases where the 
thermodynamic template effect operates, the metal ion perturbs an existing 
equilibrium in an organic system and the required product is produced often in high 
yield as a metal complex. In most cases, the kinetic template effect is operative, 
however, an assignment can not be made in all cases. The first example of the 
deliberate synthesis of a macrocycle using this procedure was described '^ by 
Thompson and Busch (Scheme 2) although Curtis had previously demonstrated the 
potential of template assembly by the reaction of [Ni(en)3] (€104)2 (en = 1,2-
diaminoethane) and acetone yielding isomeric tetraazamacrocyclic complexes^^ of 
Ni(II) (Scheme 3). 
-O" • V— v\/'" oc: ^'Q- ~^' 
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Metal ions also facilitate the self-condensation of o-phthalonitrile to give metal-
phthalocyanin complexes^^ (Scheme 4). Shakir and co-workers have reported^" the 
self-condensation reaction of o-aminobenzoic acid in the presence of transition metal 
ions as templates. 
^ N M N 
'N HN 
Scheme 4 
Several classes of macrocyclic ligands which include saturated polyaza macrocycles, 
polyoxa macrocycles, polyoxaaza macrocycles, crown ethers, cryptands, 
compartmental macrocyclic ligands that form mononuclear and heterodinuclear 
complexes, pH responsive macrocycles and macrocycles containing pendant arms 
have been synthesized and their reactivities towards metallic substrates have been 
reported. These macrocycles which contain varying combinations of aza (N), oxa (O), 
phospha (P), and sulfa (S) ligating atoms can be tailored to accommodate specific 
metal ions by the finetuning of the ligand design features, such as the macrocyclic 
hole size, nature of the ligand donors, donor set, donor array, ligand conjugation, 
ligand substitution, number and sizes of the chelate rings, ligand flexibility and nature 
of the ligand backbone. The different types of macrocyclic ligands are of particular 
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interest because of their importance in generating new areas of fundamental chemistry 
and many opportunities for applied chemistry. 
A variety of crown-ethers, mixed oxa-thia crowns and oxa-aza crowns have been 
prepared mainly by the direct synthesis '^"'* (Scheme 5-7). 
.OH 
^ 2 / 
CI Y A 
OH 
CI 
Scheme 5 
o 
o o 
o o 
o 
a O O O CI HS SH 
o^-^  
o. 
Scheme 6 
-s^^^s-
. / \ A A CI. O HjN O O NH, + \ O CI 
~o o-
'O O' 
NH HN 
LiAlH^ NH 
-co-
HN 
°W° 
Scheme 7 
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Polythia macrocycles, have been synthesized by reacting an appropriate polythaiane 
with a dibromoalkane^^ (Scheme 8). These reactions are sometimes aided by metal 
template*^ assistance (Scheme 9). 
,S S> 
SH HS 
- - ^ 
/ ^ , o 
Br Br 
Scheme 8 
H ^ SH 
HJ>J SH 
v__/ 
(i)Ni 
(ii) oc: 
Scheme 9 
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The phosphorus macrocycles have been made via template condensation of 
coordinated polyphosphine ligands and a a,a'-dibromo-o-xylene*' (Scheme 10). 
Pv PPhH 
P, PPhH 
Ph \ ^ ^ p p_ 
P^X /Ph 
Scheme 10 
Template assisted single-stage ring closure methods have also been reported*^ 
(Scheme 11). 
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The synthesis of spherands involves ring closures using aryllithium with Fe(acac)3. 
However, the yields increase by adopting high dilution techniques*^*^ (Scheme 12). 
( i )BuLi 
(ii) Fe(acac)3 
(iii) EDTA 
(IV) HQ 
Scheme 12 
The importance of macrocyclic complexes has been reflected from the following 
characteristics^^'^^: 
1. They stabilize unusual oxidation states*' that are not normally readily 
attainable, viz; Cu"' or Ni"'. 
2. They have a marked kinetic inertness both to the formation of the 
complexes from the ligand and metal ion, and to the reverse i.e., the 
extrusion of the metal ion from the ligand. 
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3. They have a high thermodynamic stability. The formation constants for N4 
macrocycles may be in the orders of magnitude greater*^ than the 
formation constants for non-macrocycUc N4 ligands. Thus, for Ni^ ^ the 
formation constant for the macrocyclic cyclam is about five orders of 
magnitude greater than that for the non-macrocyclic tetradentate. 
The stability of metal complex will be influenced by a range of factors, including: 
Firstly, the enhanced stability of the metal complexes of macrocyclic ligands over 
linear polydentate ligands is attributed to various structural effects namely, 
macrocyclic effect, chelate effect, cryptate effect. These effects which have been 
found to give stronger complexes arise from the structural factors, size, shape or 
geometry, connectedness or topology and rigidity of the macrocycle. The general 
observation, the affinity between the ligands of a particular kind, amines as the 
example, and a given metal increases the increasing topological constraint of the 
ligand system (Figure 11). The topological constraint is in order, simple coordination 
< chelation < macrocyclic effect < cryptate effect. 
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Increasing Topological Constraint 
Coordination Chelation Macrocyclic Effect 
.NH2 
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NH, H,N 
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"^NH HN H N ^ 
,NH, Me 
HjN' N 
H 
Figure 11. Topology and the Chelate, MacrocyclE and Cryptate Effect. 
Secondly, on complex formation, it is apparent that geometrical factors arising from 
the cyclic nature of the ligands often impose additional constraints on the positions of 
the donor atoms. As a reflection of these constraints, macrocyclic ligand complexes 
containing imusuaJ metal-donor atom bond distances, unusual bond angles, or grossly 
strained chelate ring conformations are all known. A few examples of constraints of 
the latter type leading to complexes which have unusual coordination geometries have 
also been reported ^''^'. 
Thirdly, if the cyclic ligand is fiiUy conjugated and (4n+2)7t electrons then enhanced 
electron delocalization and ligand stability are characteristic of the resulting Hiickel 
aromatic system. 
Lastly, cyclic ligand complexes are usually found to be considerably more stable 
thermodynamically and kinetically (with respect to the dissociation of the ligand from 
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the metal ion) than their corresponding open-chain analogues. Such properties seem to 
be an intrinsic feature, related to the cyclic nature of the ligands and have been 
collectively referred to as the macrocyclic effect^. 
The family of complexes with aza-macrocyclic ligands has remained a focus of 
scientific attention for many decades'^'^'. To some extent the interest in macrocyclic 
complexes stems fi-om the chemical properties that the macrocyclic ligands bring to 
the complexes. Great variety of azamacrocyclic complexes have been formed by 
condensation reactions in the presence of metal ions (template effect). The majority of 
such reactions have imine formation as ring closing step. Tetraazamacrocycles wdth 
14- and to a lesser extent 16- membered predominate. While, amongst the various 
first transition series Ni(II) and Cu(II) are the most widely active metal ions in the 
template procedure . The design and synthesis of organic substrates that 
preferentially interact with particular metal ion is of fimdamental importance to many 
areas of chemistry. 
Polyazamacrocyclic ligands are found to be very versatile ligands due to their 
capability of forming stable metal complexes'^ and their significant implications in 
analytical, biological and medicinal applications '^*. The complexation capabilities of 
polyaza macrocycles are mainly govemed by the macrocyclic ring size'^ 
Among the polyazamacrocycles, the tetraaza macrocyclic ligands and their metal 
complexes have attracted interest among the coordination chemists'^. The importance 
of tetraazamacrocycles'^'"^ [14]aneN4 (Figure 12) and [12]aneN4 (Figure 13) have 
been realized for several decades and their complexation chemistry with a large 
variety of metal ions has been studied thoroughly. The metal complexes of [MJaneN^ 
and [12]aneN4 represent reference systems"*' in the coordination chemistry of 
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azamacrocycles and they are of great practical importance because the knowledge 
gained might be most easily transferable to the understanding of the natural products. 
Sulekh Chandra and co-workers have reported'" '^'"^ the synthesis and charecterizatin 
of a large number of tetraazamacrocyclic complexes. 
n 
.NH HN^ .NH 
NH HN ^ N H HN' u 
Figure 12 Figure 13 
To fully encircle a first row transition metal ion a macrocycle ring size of between 13 
and 16 members is required provided that the nitrogen donors are spaced such that 
five-, six-, or seven-membered chelate rings are produced on coordination^ '^'° .^ 
The majority of all nitrogen donor macrocycles that have been studied were 
tetraazamacrocycles but later on a large number of pentaazamacrocycles have also 
been studied. H. Keypour and co-workers have recently reported'*^ '^^  a novel series 
of pentaaza macrocyclic complexes. 
The hexaazamacrocycles are interesting and versatile receptor molecules being 
capable to coordinate one or two metal ions and in addition their protonated forms can 
also encapsulate anionic guests via electrostatic interactions or/and hydrogen 
bonds'"'-'"* (Figure 14, 15 and 16). Rothermel'"^ et al synthesized and studied 
hexaazmacrocycles (Figure 15) and it has been shown that the role of the metal ion 
size is essential in controlling the conformation of this type of macrocycle"". 
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Octaazamacrocycles also exhibit interesting co-ordination properties in spite of the 
large cavity size formed by the macrocycHc backlwne, capable of forming stable 
mono and binuclear metal complexes, as well as stabilize various anions in their 
protonated form " *. 
Shakir et al have also reported"^''^ many mono and binuclear octaazamacrocyclic 
complexes by the template condensation reaction (Scheme 13 and 14). 
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A variety of macrocyclic complexes which have adjacent nitrogen atoms (cyclic 
hydrazines, hydrazone or diazines) are formed by condensation of hydrazine, 
substituted hydrazines or hydrazones with carbonyl compounds. Tetradentate and 
pentadentate aza macrocycles are formed' ''* by condensation of 2,6-diacetylpyridine 
with hydrazine (Figure 17) or with dihydrazines (Figure 18). Recently, a variety of 
macrocyclic complexes have been reported* ^ ^''^ derived from hydrazine. 
H,C 
Figure 17 Figure 18 
The design and synthesis of complexes featuring two or more metal centers held in 
close proximity has received considerable attention with the onset of studies of 
metalloproteins''^. The binuclear metal complex cores are important to understand the 
mutual influences of the two metal centres on the electronic, magnetic and catalytic 
properties of these bimetallic cores"*. Binuclear copper containing proteins play an 
important role in biology, including dioxygen transport or activation, electron 
transfer, reduction of nitrogen oxides and hydrolytic chemistry"^. In physicochemical 
aspects these binuclear copper complexes have noteworthy significance as new 
inorganic materials showing various magnetic properties with anti-ferromagnetic 
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coupling depending upon the bridge angle and degree of distortion'^°''^' and redox 
properties depending upon the macrocyclic ring size ' and they show redox driven 
translocation mechanism. Binuclear macrocyclic complexes having similar and 
dissimilar coordination sites are of particular interest because such macrocyclic 
complexes are thermodynamically stabilized and kinetically retarded with regard to 
metal dissociation and metal substitution relative to metal complexes of acyclic 
ligands'^ '*'^ .^ Inparticular, the chemistry of transition metal ion complexes with 
unsymmetrical dicompartmental ligands has become a rapidly growing area of 
research because of their importance in biological processes and constitutes the active 
sites in metalloproteins and enzymes'^ .^ As a consequence, the design and synthesis 
of unsymmetrical binucleating ligands has to satisfy a number of conditions such as 
metal-metal distance, geometry, electronic and magnetic features'^ ^*^*. Recently, a 
group of researchers have reported'^ '^^ ^ wide variety of unsymmetrical binuclear 
macrocyclic complexes. In order to obtain binuclear macrocyclic complexes, three 
main synthetic strategies have been pursued (i) synthesis of large macrocycles or 
macrobicycles able to incorporate two metal ions'^', (ii) synthesis of bis 
macrocycles*^^ and (iii) use of chelating agents bridging two macrocyclic units'^ "'. 
Each metal centre can interact with the other one directly by electrostatic forces or 
chemical bonding and indirectly via electron delocalization through the macrocyclic 
framework or bridging ligands. A variety of binuclear octaazamacrocyclic ligands 
with two similar metal centers have been reported'^ '^ '^ ^ (Figure 19 and 20). 
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Schiff bases have been of great importance in many of the macrocyclic' areas of 
chemistry. They have also been extensively employed in the understanding of 
molecular processes occurring in biochemistry, material science, catalysis, 
encapsulation, activation, hydrometallurgy, transport and separation phenomena, 
etc.'^^'^^. Schiff base macrocycles are formed by condensation between a dicarbonyl 
and a diamine resulting in imine linkage and the presence of N=C—C=N structure 
unit responsible for the formation of a strong chelate ring resulting in possible 
electron delocalization associated with extended conjugation affecting the nature of 
the complex formed. The effective method for the synthesis of Schiff base 
macrocyclic complexes which involves the condensation reaction between suitable 
dicarbonyl compounds and primary diamines carried out in the presence of 
appropriate metal ions which serve as templates in directing the steric course of the 
reaction. In this metal template effect the metal ion - through coordination organizes 
the linear substrates to facilitate the condensation process which may lead toward 
either [1+1] or [2+2] macrocyclic products. A large variety of [I + 1] and [2+ 2] 
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macrocyclic ligands have been synthesized to ascertain correctly the role of the 
different donor atoms, their relative position, the number and size of the chelating 
rings formed, the flexibility and the shape of the coordinating moiety on the selective 
binding of charged or neutral species and on the properties arising from these 
aggregations'^*'^'. Whether the cyclization proceeds through an intramolecular 
condensation to give a [1+1] macrocycle or through the bimolecular steps leading to a 
[2+2] macrocycle (Figure 21). 
Figure 21. Metal templated synthesis of "1+1" and "2+2" macrocycle. 
The preference for the formation of "1+1" and "2+2" macrocycles in metal template 
condensation also depends upon the following factors: 
• If the diamine has insufficient chain length to span the two carbonyl groups 
then "1+1" macrocycle cannot be formed'"". 
• If the template ion is large with respect to cavity size of the "1 + 1" ring, a 
"2+2" condensation may occur''". 
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• The electronic nature of metal ion such as charge, polarizability and the 
required geometry of the complex. 
• Conformation of " 1+1" acyclic chelate. 
The template potential of a metal ion in the formation of a Schiff base macrocycle 
depends on the preference of the cations for stereochemistries (octahedral, tetragonal, 
square planar or square pyramidal) in which the bonding d-orbital are in orthogonal 
arrangements. The size of the cation is important to direct the Schiff base 
condensation, as there should be compatibility between the radius of the templating 
cation and the hole or cavity of the macrocyclic framework. As indicated by Cation-
Cavity "Best fit" the smaller metal ion favors the formation of "1+1" macrocycle 
while a larger metal ion favors the "2+2" macrocycle. Recently, H. Khanmohammadi 
et el have reported''*^ Schiff base macrocyclic complexes by metal templated [1+1] 
cyclocondensation of 2,6-diacetylpyridine and new branched hexamine, N,N,N ,N ,-
tetrakis(2-aminoethyl)2,2-dimethylpropane-l,3-diamine (tdmtn) (Figure 22). 
M = Mg, Mn, Zn and Cd 
Figure 22 
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The functionalization of azamacrocycles has been studied extensively to produce new 
ligands''* .^ Among them, the macrocycles bearing pendant coordinating groups 
continue to attract attention largely due to the structures and properties of their 
complexes, which are different from their unsubstituted parent macrocycles. The 
introduction of pendant arms into the macrocyclic framework can lead to important 
changes in the complexation capability of the ligands, and can enhance the metal-ion 
selectivity and the stability of metal complexes depending on the coordination 
properties of the pendant arms. Interest in pendant-armed macrocycles is growing on 
account of their imique coordination and structural properties''* ,^ their bioinorganic 
applications'^, as contrast reagents in MRl'^', as tumor- directed radioisotope 
carriers''*^ and their ability to carry out controlled molecular movements and 
translocations''* .^ This type of ftmctionalized amino pendant-armed macrocycle 
provides opportunities for the synthesis of a wide range of derivatives by a Schiff-
base condensation with a suitable cEirbonyl compound, leading to precursors for 
polynuclear complexation. Furthermore, N-fimctionalized macrocycles are generally 
complicated and a pendant arm is attached to one or more nitrogen. They have 
interesting effects on the chemistry of the macrocycles'^ ": for example changing the 
solubility and extractability into an organic phase and allowing covalent attachment to 
a polymeric support or to a protein'^'. Kang et al. '" have investigated the effects of 
the fimctional groups upon complex formation reactions and suggested that steric 
congestion around the macrocyclic ring retards the complex fonnation reaction 
Recently, some ftmctionalized polyazamacrocyclic compounds bearing one, two or 
four substituted pendant arms have been reported which often involved elaborate 
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multi-step syntheses. Recently, a group of researchers have reported the synthesis 
of hexaazamacrocyclic complexes bearing pendant arm (Figure 23). 
/ \ 
N ^ N-
s^^s-v'^'^^y NH2 
/ \ 
M=Co(II), Ni(II),Cu(II)and Zn(II) 
X = ClorN03 
Figure 23 
Macrocycles especially the ones possessing aromatic moieties are known to form 
charge transfer complexes with a variety of guests. These macrocycles were used to 
study complexation of diverse guests to provide new insights into non-covalent 
binding interaction, chiefly cation Tc-interaction'^ '*. These molecular interactions are 
formed between the electron rich Ti-orbital of an aromatic ring and a cation. Several 
macrocycles containing aromatic moieties have been reported'^ '^^ ^ having o-
phenylenediamine (Figure 24) and 1,8-diaminonaphthalene (Figure 25) subunits as 
the main part of the structural backbone of the macrocyclic framework. 
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M=Co(II), Ni(II),Cu(II)and Zn(II) 
X - C l o r N 0 3 
Figure 25 
Tahir et al have reported a number of macrocycles and their transition metal 
complexes of varying ring sizes'*^ (Figure 26), macrocyclic complexes with mixed 
donors'^^ (Figure 27), bis macrocycles'^* (Figure 28), aromatic macrocycles'^^^ 
(Figure 29) etc. 
HN NH 
I X I 
,NH 
M - Mn(ir), Co(II), Ni(II), Cu(II) and Zn(II) 
X = ClorN03 
Figure 26 
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M = Mn(II) and Co(II) 
X = CI or NO 
M = Ni(II)andCu(II) 
X = ClorN03 
Figure 27 
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M = Mn(II), Co(II), Ni(II), Cu(II) and Zn(II) 
X = ClorN03 
Figure 28 
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Figure 29 
Cfiapter-1 35 
The brief introduction comprehends the research work carried out by some of the well 
known scientists in the field of macrocyclic chemistry. Macrocyclic chemistry still 
forms the basis of more extensive exploration and research for their multi-dimentional 
utilities in the knowledge of the subject as well as in the wide range of applications. In 
view of the continued interest in the field of macrocyclic chemistry, it was thought 
worthwhile to synthesize and characterize novel macrocyclic complexes of transition 
metal ions. 
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INSTRUMENTAL METHODS 
There are several physico-chemical methods available for the study of coordination 
compounds and a brief description of the techniques used in the investigation of the 
newly synthesized complexes described in the present work are given below: 
1. Infrared Spectroscopy 
2. Nuclear Magnetic Resonance Spectroscopy 
3. Electron Paramagnetic Resonance Spectroscopy 
4. Ultraviolet and Visible (Ligand Field) Spectroscopy 
5. Mass Spectrometry 
6. Magnetic Susceptibility Measurements 
7. Molar Conductance Measurements 
8. Elemental Analysis 
9. Job's Method 
10. Thermal Analysis (TGA - DTA/DSC) 
11. Fluorescence Study 
INFRARED SPECTROSCOPY 
When Infrared light is passed through a sample some of the frequencies are absorbed 
while other frequencies are transmitted through the sample without being absorbed. 
The plot of the percent absorbance or percent transmittance against frequency, the 
result is an infrared spectrum. 
The IR radiation does not have enough energy to induce electronic transitions 
observed in UV spectroscopy. Absorption of IR radiation is restricted to the 
compounds with small energy differences in the possible vibrational and rotational 
states. For a molecule to absorb IR radiation, the vibrations or rotations within a 
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molecule must cause a net change in the dipole moment of the molecule. The 
alternating electrical field of the radiation interacts with fluctuations in the dipole 
moment of the molecule. If the fi-equency of the radiation matches the vibrational 
fi-equency of the molecule then radiation will be absorbed, causmg a net change in the 
amplitude of the molecular vibration. 
In the absorption of the radiation, only transition for which change in the vibrational 
energy level is AV = 1 can occur, since most of the transition will occur from stable 
Vo to Vi the frequency corresponding to its energy is called the fundamental 
fi-equency. 
The group frequencies, which are frequencies of certain groups, are characteristic of 
the group irrespective of the nature of the molecule in which these groups are 
attached. The absence of any band in the approximate region indicates the absence of 
that particular group in the molecule. 
The infrared region of the spectrum encompasses radiation with wavenumbers 
ranging from about 12,800 to 10 cm"' or wavelengths from 0.78 to 1000 ^m. In the 
context of infi-ared spectroscopy, wavelength is measured in "wavenumbers", which 
have the units cm'' 
Wave number = 1/wavelength in centimeters 
From the standpoint of both application and instrumentation, the infrared spectrum is 
conventionally divided into three regions; near-, mid- and far-infrared radiation: 
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Region Wavelength range (p,m) Wavenumber range (cm ) 
Near 
Middle 
Far 
0.78-2.5 
2.5 - 50 
50 -1000 
12800-4000 
4000 - 200 
200-10 
Important Group Frequencies in the IR Spectra Pertinent to the Discussion of 
the Newly Synthesized Compounds. 
a) N-H Stretching Frequency 
The N-H stretching vibrations occur in the region 3300-3500 cm' in the dilute 
solution^ The N-H stretching band shifts to lower value in the solid state due 
to the extensive hydrogen bonding. Primary amines as dilute solutions in non-
polar solvents give two absorptions i.e., symmetric stretch and asymmetric 
stretch mode found near 3400 and 3500 cm'', respectively. Secondary amines 
show only a single N-H stretching band in dilute solutions. The intensity 
and frequency of N-H stretching vibrations of secondary amines are very 
sensitive to structural changes e.g., it appears as low intensity band in the 
range 3310-3350 cm'' in aliphatic while as strong intensity band at about 3490 
cm' in hetrocyclic secondary amines such as pyrazole and imidazole. 
b) Methyl Group Frequency 
Absorption arising from C-H stretching in the alkanes occurs generally in the 
region of 2840-3000 cm"'. The positions of C-H stretching vibrations are 
among the most stable in the spectrum. An examination of a large number of 
saturated hydrocarbons containing methyl group showed' in all cases, two 
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distinct bands occurring at 2960 cm"' and 2870 cm*. The first of these resuhs 
from asymmetric stretching mode in which two C-H bonds of the methyl 
group are extending while the third one is contracting (vasy, CH3). The second 
arises from symmetric stretching (Vsy, CH3) in which all three of the C-H 
bonds extend and contract in phase. The presence of several methyl groups in 
a molecule results in a strong absorption band at these vibrational modes. 
c) C-N Stretching Frequency 
The C-N stretching absorption occurs as strong bands in the region 1250-1350 
cm"' in all the amines'" .^ In primary aromatic amines it shows one band in the 
region 1250-1340 cm"' but in secondary amines two bands have been found in 
the regions 1280-1350 cm"' and 1230-1280 cm"'. 
d) C=N Stretching Frequency 
Schifif bases (RCH=NR, imines), oximes, thiazoles, iminocarbonates etc. 
show the C=N stretching frequency m the 1471-1689 cm"' regions''^. 
Although the intensity of the C=N stretch is variable but it is usually more 
intense than the C=C stretch. 
e) N-N Stretching Frequency 
A strong band appearing in the region around 1000 cm' may reasonably be 
assigned^ to u(N-N) vibrations. 
f) M-N Stretching Frequency 
The M-N stretching frequency is of particular interest since it provides direct 
information regarding the metal-nitrogen coordmate bond. Different amine 
complexes exhibited^ the metal-nitrogen frequencies in the 300-450 cm"' 
region. 
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g) M-X Stretching Frequency 
Metal-halogen stretching bands appear^ in the region of 500-750 cm' for M-
F, 200-400 cm"' for M-Cl, 200-300 cm'* for M-Br and 100-200 cm'' for M-1. 
h) M-O Stretching Frequency 
Metal-oxygen stretching frequency has been reported to appear in different 
regions for different metal complexes. The M-0 stretching frequency of 
nitrato complexes lies in the range 250-350 cm' . Furthermore unidentate 
nitrate group display bands in the 1230-1260, 1020-1080 and 870-890 cm"' 
region assigned^ to u(N-0) Vibrations. 
NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 
*H NMR Spectroscopy 
Nuclear magnetic resonance (NMR) spectroscopy is based on the measurement of 
electromagnetic radiation in the radio-frequency region of roughly 4 to 900 MHz. In 
contrast to Ultraviolet, Visible, and Infrared absorption, nuclei of atoms rather than 
outer electrons are involved in the absorption process. 
Nuclear magnetic resonance specfroscopy is one of the most powerfiil tools available 
to the chemists and biochemists for elucidating the structure of chemical species. 
There are two types of NMR specfrometers: 
a) Continuous-Wave (CW) 
b) Pulsed, or Fourier transform (FT-NMR) 
All early studies were carried out with continuous-wave instruments. Fourier 
transform spectrometers were available commercially around 1970. In both types of 
instruments, the sample is positioned in a powerfiil magnetic field that has strength of 
several teslas. 
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All nuclei carry a charge. In some nuclei this charge spins on the nuclear axis and this 
circulation of charge generates a magnetic dipole along the axis. Similarly protons 
and neutrons which constitute nuclei of atoms have the property to spin on their own 
axis and each of them possesses angular momentum. The net resultant of the angular 
momentum of all nuclear particles is called nuclear spin. For a nucleus having nuclear 
spin quantum number I, there are (21 + I) spin states. It is known that the spin 
quantimi number I is associated with mass number and atomic number of the nuclei as 
follows: 
Mass number Atomic number Spin quantum number 
Odd odd or even 1/2, 3/2, 5/2, 
Even even 0 
Even odd 1,2,3, 
(yassir) 
The nuclei with I = 0, do not possess spin angular momentum and give no NMR 
signal. '^Ce, '^ Og and "^ Hea fall into this category. The nuclei in which I is half integral 
(1/2, 3/2,5/2, etc) e.g., I = 14 include ' H , '^F, '^C, ^ 'P and '^N, and in the case of' ' B , 1 
= 3/2,1 is integral, the spin of ^Hi and "*N7 is 1 while that of '"BS is 3. 
Since atomic nuclei are associated with charge, a spinning nucleus generates a small 
electric current and has a finite magnetic field associated with it. The magnetic dipole 
"|i" of the nucleus varies with each element. When a spinning nucleus is placed in a 
magnetic field, the nuclear magnet experiences a torque which tends to align with the 
external field. For a nucleus with a spin of V2, there are two allowed orientations of the 
nucleus, parallel to the field (low energy) and against the field (high energy). Since 
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the parallel orientation is lower in energy, this state is slightly more populated than 
the anti-parallel wiiich high energy state. 
If the oriented nuclei are now irradiated with electromagnetic radiation of the proper 
frequency, the lower energy state will absorb a quantum of the energy and spin-flip to 
the high energy state. When this spin transition occurs, the nuclei are said to be in 
resonance with the applied radiation, hence the name Nuclear Magnetic Resonance. 
The amount of electromagnetic radiation necessary for resonance depends on both the 
strength of the external magnetic field on the characteristic of the nucleus being 
examined. The nucleus of the proton placed in 14,092 gauss field, undergoes 
resonance when irradiated with radiation in the 60 MHz (Radio-wave region), higher 
magnetic fields, such as those common in superconducting magnets, require higher 
energy radiation and give a correspondingly higher resolution. 
" C NMR Spectroscopy 
Carbon-13 has a nuclear spin (1 = V2) and makes up 1.1% of naturally occurring 
carbon to make carbon nuclear magnetic resonance spectroscopy ('^C NMR) a useful 
technique. Since carbon is the element central to organic chemistry, '^C NMR plays 
an important role in determining the structure of imknown organic molecules and the 
study of organic reactions. In particular, the '^ C NMR spectrum of an organic 
compound provides information concerning: 
• The number of different types of carbon atoms present in the molecule 
• The electronic environment of the different types of carbons 
• The number of "neighbors" a carbon has (splitting) 
The major differences between '^C NMR and ' H NMR spectra are: 
• No integration of carbon spectra 
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• Wide range (0-200 ppm) of resonances for common carbon atoms (typical 
range for protons 1-10 ppm). 
'^C chemical shifts span slightly over 200 ppm in contrast to the typical 8 to 9 ppm 
range in the ' H N M R , thus considerably more structural information is generally 
available from '^C chemical shift data. Another very important difference between H 
and '^C NMR spectroscopy is that diamagnetic effects are dominant in the shielding 
of hydrogen nucleus, whereas paramagnetic effects are dominant contributors to the 
shielding of the '^C nucleus. Long range shielding effects that are important in the ' H 
NMR are less important in '^C NMR. As a result, '^C chemical shifts generally do not 
parallel ' H chemical shifts. Since the spin number for '^ C is the same as for ' H , i.e; '/2, 
the same rules apply for predicting the multiplicity of the absorption. 
A '^C NMR spectrum consists of discrete, sharp lines corresponding to each non-
equivalent carbon atom. These resonances are typically in the range 0 to 220 ppm 
with the TMS reference peak at 0 ppm. The main feature of '^C NMR is its ability to 
give information concerning the chemical environment of carbon atoms. This helps to 
identify any fimctional groups present as well as giving clues towards the solution of 
the structure. The coupling constants for ' ^ C - ' H are large (100-250Hz) and thus 
interpretation of the '^C spectra can be difficult because of the overlapping ' ^C- 'H 
multiplets. To simplify the spectrum, '^C NMR spectra are generally recorded under 
double resonance conditions in which the coupling of ' H to '^ C is destroyed. 
Complete H coupling is accomplished by irradiating the ' H resonance region with a 
broad band width radio-frequency radiation termed as "noise", sufficient to cover the 
entire ' H resonance region. The '^C NMR spectra thus obtained contain only singlet 
resonances corresponding to its chemical shifts. 
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ELECTRON SPIN RESONANCE SPECTROSCOPY 
In 1936, Goiter demonstrated'*'^  that a paramagnetic species when placed in a high 
frequency alternating magnetic field absorbs energy which is influenced by the 
application of a static magnetic field either parallel or perpendicular to the alternating 
magnetic field. Since then this phenomenon has become a technique of immense 
importance in science. 
It is well known that a paramagnetic ion has a magnetic moment and therefore its 
ground state is degenerate. If this ion is placed in a strong static magnetic field the 
degeneracy is lifted and the energy levels undergo a Zeeman splitting. Application of 
an oscillating magnetic field of appropriate fi^quency will induce transitions between 
the Zeeman levels and the energy is absorbed from the electromagnetic field. If the 
static magnetic field is slowly varied, the absorption shows a series of maxima. The 
plot between the absorbed energy and the magnetic field is called the electron 
paramagnetic resonance spectrum. 
The energy, E, of a transition between the two different electron spin energy states 
that occurs upon absorption of a quantum of radiation in the radiofrequency or 
microwave region is given by: 
E = hu = gpHo 
Where h is planks constant, u the frequency of radiation, P the Bohr magneton, Ho the 
field strength, and g the spectroscopic splitting factor. The quantity g is not a constant, 
but tensor quantity. For a free electron g has the value of 2.0023. In many free 
radicals, the g value of the odd electron is close to that of a fi^e electron, but in metal 
ions g values are often greatly different from the free electron value. In general the 
magnitude of g depends upon the orientation of the molecule containing the unpaired 
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electron with respect to the magnetic field. In a solution or in gas phase, g is averaged 
over all orientations because of the fi-ee motion of the molecule, but in a crystal, 
movement is restricted. If the paramagnetic radical or ion is located in a perfectly 
cubic site (e.g., an octahedral or tetrahedral site the g value is independent of the 
orientation of the crystal and is said to be isotropic. In a crystal site of lower 
symmetry the g value depends upon the orientation of the crystal and is said to be 
anisotropic. The Z direction is defined coincident with the highest fold rotation axis. 
The gz = g||, the g values obtained when the Z axis is parallel with the external 
magnetic field. The gx = gy = gi, the g value obtained with the external magnetic field 
perpendicular to the z axis. If 9 is the angle between the magnetic field and the Z axis, 
the experimental g value is given by the following equation for a system with axial 
symmetry 
i =g||^cos^0 + gi2sin^e 
A system of charges exhibit paramagnetism whenever it has a resultant angular 
momentum. Such paramagnetism system includes elements containing 3d, 4d, 4f, 5d, 
5f, 6d etc. electrons, atoms having an odd number of electrons like hydrogen, 
molecules containing odd number of electrons such as NO2, NO etc. and free radicals 
which possess an unpaired electron like methyl, diphenyl picryl hydazide etc. are 
among the suitable reagents for EPR investigation. 
Splitting of energy levels in EPR occurs under the effect of two types of fields, 
namely the internal crystalline field and applied magnetic field. While studying a 
paramagnetic ion in a diamagnetic crystal lattice, two types of instructions are 
observed i.e., (i) interactions between the paramagnetic ions called dipolar interaction 
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and (ii) the interactions between the paramagnetic ion and the diamagnetic neighbour 
called crystal field interaction. For small doping amount of paramagnetic ion in the 
diamagnetic host, the dipolar interaction will be negligibly small. The later interaction 
of paramagnetic ion with diamagnetic ligands modifies the magnetic properties of the 
paramagnetic ions. 
According to crystal field theory, the ligand influences the magnetic ion through the 
electric field which they produce at its site and their orbital motion gets modified. The 
crystal field interaction is affected by the outer electronic shells. The dipole-dipole 
interaction arises from the influence of magnetic field of one paramagnetic ion on the 
dipole moments of the neighboring similar ions. The local field at any given site will 
depend on the arrangements of the neighbors and the direction of their dipole 
moments. Thus the resultant magnetic field on the paramagnetic ion will be the vector 
sum of the external field and the local field. Thus resultant field varies from site to 
site giving a random displacement of the resonance fi-equency of each ions and thus 
broadening the line widths. 
Hyperfine interactions are mainly magnetic dipole interactions between the electronic 
magnetic moment and the nuclear magnetic moment of the paramagnetic ion. The 
quartet and octet structures in the EPR of vanadyl ion and divalent copper ion are the 
results of hyperfine interactions, respectively. The origin of this can be understood 
simply by assuming that the nuclear moment produces a magnetic field BN at the 
magnetic electrons and the modified resonance condition will be 
E = hu = gp I B + BN I where BN takes up 21 + 1, 
Where I is the nuclear spin 
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There may be an additional hyperfine structure also due to interaction between 
magnetic electrons and the surrounding nuclei called super hyperfine structure. The 
effect was first observed by Owens and Stevens in ammonium hexa chloroiridate and 
subsequently for a number of transition metal ions in various hosts ' . 
ULTRA-VIOLET AND VISIBLE (LIGAND FIELD) SPECTROSCOPY 
Most of the compounds absorb light somewhere in the spectral region between 200 
and 1000 nm. These transitions correspond to the excitation of electrons of the 
molecules fi-om ground state to higher electronic states. In a transition metal all the 
five d-orbitals viz., dxy, dyz, dxz, d^ and dx^ -y^  are degenerate. However, in 
coordination compounds due to the presence of ligands this degeneracy is lifted and 
d-orbitals split into two groups called "t2g" (dxy, dyz and dxz) and "Cg" (dz^  and dx^ -y^ ) 
in an octahedral complex and 'Y' and "e" in a tetrahedral complex. The set of t2g 
orbitals goes below and the set of Cg orbitals goes above the original level of the 
degenerate orbitals in an octahedral complex, hi case of the tetrahedral complexes the 
position of the two sets of the orbitals is reversed, the 'e ' going below and 't' going 
above the original degenerate level. When a molecule absorbs radiation, its energy 
can be expressed by the relation: 
E = hv 
Or E = hc/X 
Where h is Planck's constant, u and X are the fi^uency and wavelength of the 
radiation, respectively and c is the velocity of the light. 
In order to interpret the spectra of transition metal complexes, the device of energy 
level diagram based upon 'Russell-Saunder Scheme' must be introduced. This has the 
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effect of splitting the highly degenerate configurations into groups of levels having 
lower degeneracies known as 'Term Symbols'. 
The orbital angular momentum of the electrons in a filled shell vectorically adds up to 
zero. The total orbital angular momentum of an incomplete d shell electron is 
observed by adding L value of the individual electrons, which are treated as a vector 
with a component ml in the direction of the applied field. Thus 
L = Ximli = 0,1,2, 3,4,5,6 
S,P,D,F,G,H,I 
The total spin angular momentum S = Xi Si where s, is the value of spin angular 
momentum of the individual electrons. The total spin angular momentum S has a 
degeneracy T equal to 2S + 1, which is also known as 'Spin Multiplicity'. Thus, a term 
is finally denoted as 'TL'. For example, if S = 1 and L = 1, the term will be P^ and 
similarly if S = 1 '/2, and L = 3, the term will be "^ F. 
In general the terms arising from a d" configuration are as follows: 
d'd^ : ^D 
dM^ '• ^F, ^ P, 'G, 'D , 'S 
d^ d^  : '•F, ^P, ^H, ^G, ^F, ^0(2), ¥ 
d^ d^  : ^D, ^ H, ^ G, ^F(2), ^D, ¥(2), 'l, 'G(2), 'F , 'D(2), 'S(2) 
d' : ' S , ' G , ' F , ^ D , ' P , ' I , ' H , ' G ( 2 ) , ¥ ( 2 ) , ' D ( 3 ) , ^ P , ^ S . 
Coupling of L and S also occurs, because both L and S if non-zero, generate magnetic 
fields and thus tend to orient their moments with respect to each other in the direction 
where their interaction energy is least. This coupling is known as 'LS coupling' and 
gives rise to resultant angular momentum denoted by quantum number, J which may 
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• 3 T have quantized positive values from | L + S | up to | L - S| e.g., in the case of P (L= 
1, S = 1), '*F (L = 3, S = l'/2) possible values of J representing state, arising from term 
splitting are 2, 1 and 0 and 4Y2, VA, IVz, and VA. Each state is specified by J is 2J + 1 
fold degenerate. The total number of states obtained from a term is called the 
multiplet and each value of J associated with a given value of L is called component. 
Spectral transitions due to spin-orbit coupling in an atom or ion occurs between the 
components of two different multiplets while LS coupling scheme is used for the 
elements having atomic number less than 30, in that case spin-orbital interactions are 
large and electrons repulsion parameters decreases. The spin-angular momentum of 
an individual electron couples with its orbital momentum to give an individual J for 
that electron. The individual J's couple to produce a resultant J for the atom. The 
electronic transitions taking place in an atom or ion are governed by certain 'Selection 
Rules', which are as follows: 
1. Transitions between states of different multiplicity are forbidden. 
2. Transitions involving the excitation of more than one electron are 
forbidden. 
3. In a molecule, which has a centre of symmetry, transitions between two 
gerade or two ungerade states are forbidden. 
It is possible to examine the effects of crystal field on a polyelectron configuration. 
The ligand field splitting due to cubic field can be obtained by considerations of group 
theory. It has been shown that an S state remains unchanged. P states does not split, 
and D state splits into two and F state into three and G state into four states as 
tabulated below: (Applicable for an octahedral 'Oh' as well as tetrahedral ' Id ' 
symmetry). 
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S A, 
P Ti 
D E + T2 
F A2 + Ti + T2 
G A2 + E + T, + T2 
Transitions from the ground state to the excited state occur according to the selection 
rules described earlier. The energy level order of the states arising from the splitting 
of a term state for a particular ion is an octahedral field is the reverse that of the ion in 
a tetrahedral field. However, due to transfer of charge fix)m ligand to metal or metal to 
ligand, sometimes bands appear in the ultraviolet region of the spectrum. These 
spectra are known as 'Charge Transfer Spectra' or 'Redox Spectra'. In metal 
complexes there are often possibilities that charge transfer spectra extend into the 
visible region to obscure d-d transition. However, these should be clearly discerned 
from the ligand bands, which might also occur in the same region. 
MASS SPECTROMETRY 
The field of mass spectrometry is dynamic and continuous to develop and meet the 
challenging process demands. The potential problems and drawbacks of these 
techniques when applied to unstable matrices have been described. Increasingly, 
sample introduction/ionization technique, such as continuous flow, fast atom 
bombardment, ion spray, thermo spray and electrons spray are being applied to 
continuous monitoring application in the laboratory where reduced fragmentation and 
ionization of thermally labile analytes are needed. 
In recent years mass spectrometry has been widely accepted as one of the most 
valuable and powerfiil analytical technique used to identify unknown compounds to 
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qualify known materials and to elucidate the structural and chemical properties of 
compounds. Inorganic mass spectrometry focuses on the analysis of metals and 
elements rather than organic compounds. Mass spectrometry is the ideal tool for 
characterization of the results of synthesized experiments. 
In mass spectrometry, a substance is bombarded with an electron beam having 
sufficient energy to fragment the molecule. The positive fragments which are 
produced (cations and radical cations) are accelerated in a vacuum through a magnetic 
field and are sorted based on the mass-to-charge ratio. Since the bulk of the ions 
produced in the mass spectrometry carry a unit positive charge, the value m/e is 
equivalent to the molecular weight of the fragment. The analysis of mass 
spectroscopy information involves the re-assembling of fragments, working 
backwards to generate the original molecule. 
A very low concentration of sample molecules is allowed to leak into the ionization 
chamber (which is under a very high vaccum) where they are bombarded by a high-
energy electron beam. The molecules fragment and the positive ions produced are 
accelerated through a charged array into an analyzing tube. The path of the charged 
molecules is bent by an applied magnetic field. Ions having low mass (low 
momentum) will be deflected most by this field and will collide with the walls of the 
analyzer. Likewise, high momentum ions will not be deflected enough and will also 
collide with the analyzer wall. Ions having the proper mass-to-charge ratio, however, 
will follow the path of the analyzer, exit through the slit and collide with the collector. 
This generates an electric current, which is then amplified and detected. By varying 
the strength of the magnetic field, the mass-to-charge ratio which is analyzed can be 
continuously varied. 
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The output of the mass spectrometer shows a plot of relative intensity vs the mass-to-
charge ratio (m/e). The most intense peak in the spectrum is termed the base peak and 
all others are reported relative to it's intensity. The peaks themselves are typically 
very sharp, and are often simply represented as vertical lines. 
The process of fragmentation follows simple and predictable chemical pathways and 
the ions, which are formed, vvill reflect the most stable cations and radical cations, 
which that molecule can form. The highest molecular weight peak observed in a 
spectrum will typically represent the parent molecule, minus an electron, and is 
termed the molecular ion (M^. Generally, small peaks are also observed above the 
calculated molecular weight due to the natural isotopic abundance of C, H, etc. 
Many molecules with especially labile protons do not display molecular ions; an 
example of this is alcohols, where the highest molecular weight peak occurs at m/e 
one less than the molecular ion (M-1). Fragments can be identified by their mass-to-
charge ratio, but it is often more informative to identify them by the mass which has 
been lost. That is, loss of a methyl group will generate a peak at M-15; loss of an 
ethyl, M-29, etc. 
MAGNETIC SUSCEPTIBILITY MEASUREMENTS 
The determination of magnetic moments of transition metal complexes have been 
found to provide ample information in assigning their structure. The main 
contribution to bulk magnetic properties arises from magnetic moment resulting from 
the motion of electrons. It is possible to calculate the magnetic moments of known 
compounds from the measured values of magnetic susceptibility. 
There are several kinds of magnetism in substances viz., diamagnetism, 
paramagnetism and ferromagnetism or antiferromagnetism. Mostly compounds of the 
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transition elements are paramagnetic. Diamagnetism is attributable to the closed shell 
electrons with an applied magnetic field. In the closed shell the electron spin moment 
and orbital moment of the individual electrons balance one another so that there is no 
magnetic moment. Ferromagnetism and antiferromagnetism arise as a resuh of 
interaction between dipoles of neighboring atoms. 
If a substance is placed in a magnetic field, H the m^netic induction, B with the 
substances is given by: 
B = H+4nI 
Where I is the intensity of magnetization. The ratio B/H is called magnetic 
permeability of the material and is given by 
B/H = I+ 4K(UH) =I+4KK 
Where K is called the magnetic susceptibility per unit volume or volume 
susceptibility. B/H is the ratio of the density of lines of force within the substance to 
the density of such lines in the same region in the absence of sample. Thus, the 
volume susceptibility of a vacuum is by definition zero since in vacuum B/H = 1. 
When magnetic susceptibility is considered on the weight basis, the gram 
susceptibility (Xg) is used instead of volume susceptibility. The e^ff value can then be 
calculated fi-om the gram susceptibility multiplied by molecular weight and corrected 
for diamagnetic value as 
fi,ff=2M^Xr-TBM 
Where, T is the absolute temperature at which the experiment is performed. 
The magnetic properties of any individual atom or ion will result from some 
combination of these two properties that is the inherent spin moment of the electron 
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and the orbital moment resulting from the motion of the electron around the nucleus. 
The magnetic moments are usually expressed in Bohr Magnetons (BM). The magnetic 
moment of a single electron is given by 
Ms=gylS(S + l)BM 
Where S is the spin quantum number and g is the gyromagnetic ratio. For Mn^ *, Fe^ ^ 
and other ions whose ground states are S states there is no orbital angular momentum. 
In general however, the transition metal ion in their ground state D or F being most 
common, do possess orbital angular momentum. For such ions, as Co^ ^ and Ni^ ,^ the 
magnetic moment is given by 
//(,,,) = V45(5 + l) + I ( £ + l) 
In which L represents the orbital angular momentum quantum number for the ion. 
The spin magnetic moment is insensitive to the environment of metal ion, the orbital 
magnetic moment is not. In order for an electron to have an orbital angular 
momentum and thereby an orbital magnetic moment with reference to a given axis, it 
must be possible to transform the orbital into a folly equivalent orbital by rotation 
about that axis. For octahedral complexes the orbital angular momentum is absent for 
Aig, A2g and Eg terms, but can be present for Tig and Tag terms. Magnetic moments of 
the complex ions with Aag and Eg ground terms may depart from the spin-only value 
by a small amount. The magnetic moments of the complexes possessing T ground 
terms usually differ from the high spin value and vary with temperature. The magnetic 
moments of the complexes having a ^A,g ground term are very close to the spin-only 
value and are independent of the temperature. 
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For octahedral and tetrahedral complexes in which spin-orbital coupling causes a split 
in the ground state an orbital moment contribution is expected. Even no splitting of 
the ground state appears in cases having no orbital moment contribution, an 
interaction with higher states can appear due to spin-orbit coupling giving an orbital 
moment contribution. 
Practically the magnetic moment value of the unknown complex is obtained on Gouy 
Magnetic Balance. Faraday method can also be applied for the magnetic susceptibility 
measurement of small quantity of solid samples. 
The gram susceptibility is measured by the following formula. 
_AW W^, 
Where Xg ^ Gram Susceptibility 
AW = Change in weight of the unknown sample with magnet on and 
off. 
W = Weight of the known sample 
AWstd = Change in weight ofstandard sample with magnets on and 
off. 
Wstd = Weight ofstandard sample. 
Xstd = Gram susceptibility ofthe standard sample 
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CONDUCTIVITY 
The resistance of a sample of an electrolytic solution is defined by 
R=p[l/A] 
Where / is the length of a sample of electrolyte and A is the cross sectional area. The 
symbol p is the proportionality constant and is a property of a solution. This property 
is called resistivity or specific resistance. 
The reciprocal of resistivity is called conductivity, k 
k = l/p= l/RA 
Since / is in cm, A is in cm^ and R in ohm (Q), the units of k are Q ' cm"'or S cm"' 
(Siemens per cm). 
Molar Conductivity 
If the conductivity k is in i^'cm'' and the concentration C is in mol cm" ,^ then the 
• I 7 1 
molar conductivity A is in Cl' cm mol' and is defined by 
A=k/C 
Where C is the concentration of solute in mol cm'^. 
Conventionally solutions of 10"^  M concentration are used for the conductance 
measurement. Molar conductance values of different types of electrolytes in a few 
solvents are given below: 
A 1:1 electrolyte may have a value of 70-95ohm"'cm^mor' in nitromethane, 50-75 
ohm'cm^mol"' in dimethyl formamide and 100-160 ohm'cm^mol"' in methyl cyanide. 
Similarly a solution of 2:1 electrolyte may have a value of 150-180 ohm'cm^mor' 
in nitromethane, 130-170 ohm'cm^mol"' in dimethylformamide and 140-220 ohm" 
'cm^mof' in methyl cyanide'"". 
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ELEMENTAL ANALYSES 
The chemical analysis is quite helpful in fixing the stoichiometric composition of the 
ligand as well as its metal complexes. Carbon, hydrogen and nitrogen analyses were 
carried out on a Perkin Elmer-2400 analyzer. Chloride was analyzed by conventional 
method'^. For the metal estimation'^, a known amount of complex was decomposed 
with a mixture of nitric, perchloric and sulfuric acids in a beaker. It was then 
dissolved in water and made up to known volume so as to titrate it with standard 
EDTA. For chlorine estimation, a known amoimt of the sample was decomposed in a 
platinimi crucible and dissolved in water with a little concentrated nitric acid. The 
solution was then treated with silver nitrate solution. The precipitate was then dried 
and weighed. 
JOBS'S METHOD 
Job's method of continuous variation is a commonly used procedure for determining 
the composition of the complexes in solution''*. Job's method, as commonly practiced, 
is carried out in batch modes by mixing aliquots of two equimolar stock solutions of 
metal and ligand. These solutions are prepared in a manner such that the total 
analytical concentration of the metal plus ligand is maintained constant while the 
ligand: metal ratio varies from flask to flask, that is: 
CM+ CL = k 
Where CM and Q are analytical concentrations of the metal and the ligand, 
respectively, and k is a constant. The absorbance is plotted as a function of mole 
fraction (X) of ligand or metal in the flasks. 
W^QXQX^XiorXM 
Xi = CL/CM + Ci 
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XM = CM/ CM + Q 
where XL is the mole fraction of the ligand and XM is the mole fraction of the metal. 
The resulting curves, called as Job's plot, yields a maximum (or a minimum) the 
position of which indicates the metal : ligand ratio of the complex in solution. For 
example, a maximum corresponding to 0.5 on the mole ratio fraction of the ligand 
scale suggests a complex of 1:1 composition, while a maxima at 0.67 and 0.75 
indicates complexes of 2:1 and 3:1 stoichiometrty, respectively. 
THERMAL ANALYSIS (TGA-DTA/DSC) 
The technique of thermal analysis actually comprises of a series of methods, which 
detect the changes in the physical and mechanical properties of the given substance by 
the application of heat or thermal energy. The physical properties include mass, 
temperature, enthalpy, dimension, dynamic characteristics, etc. It finds its application 
in finding the purity, integrity, crystallinity and thermal stability of the chemical 
substances under study. It is also used in the determination of the composition of the 
complexes. The following are the methods which have been used: 
Thermogravimetric Analysis (TGA) 
In a thermogravimetric analysis the mass of a complex in a controlled atmosphere is 
measured as its temperature is raised. When thermal dissociation occurs, the weight of 
any volatile ligand expelled is measured and the empirical formula of the product may 
usually be deduced. A plot of mass or mass percent as a fimction of time is called a 
thermogram, or a thermal decomposition curve'^' '^ In all the cases the samples were 
studied in the temperature range of 50-850 °C. 
Cfiapter-2 71 
Differential Thermal Analysis (DTA) 
DTA measures the difference in temperature between the complex and a reference 
material as a fimction of temperature. It provides vital information of the complexes 
regarding their endothennic and exothermic behavior at high temperatures . This 
differential temperature is then plotted against time, or temperature is called DTA 
curve or thermogram. The complexes were studied room temperature to 1000 °C. 
Differential scanning calorimetry (DSC) 
DSC is a thermoanalytical technique in which the difference in the amount of heat 
required to increase the temperature of the complex and reference are measured as a 
function of temperature'*. The heat flow and temperature of the sample are monitored 
in comparison to the reference material. The amount of energy absorbed (endotherm) 
or evolved (exotherm) as the sample undergoes physical or chemical changes (eg 
melting, crystallization, curing) is measured in calories as a function of the 
temperature change. Any material reactions involving changes in heat capacity (eg 
glass transition) are also detected.The samples were studied ambient temperature to 
1000 °C. 
FLUORESCENCE STUDY 
With some molecules, the absorption of a photon is followed by the emission of light 
of a longer wavelength (i.e. lower energy). This emission is called fluorescence (or 
phosphorescence, if the emission is long lived). There are many environmental 
factors that effect the fluorescence spectrum; furthermore, fluorescence efficiency is 
also environmentally dependent. Because these parameters of fluorescence are more 
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sensitive to the environment than are those or absorbance and because smaller 
amounts of material are required, fluorescence spectroscopy is frequently of greater 
value than absorbance measurement. With macromolecules, fluorescence 
measurements can give information about conformation, binding sites, solvent 
interactions, degree of flexibility, intramolecular distances and rotational diffusion 
coefficient of macromolecules. Furthermore, with living cells, fluorescence can be 
used to localize otherwise undetectable substances. 
As with other physical methods, the theory of fluorescence is not yet adequate to 
permit a positive correlation between fluorescent spectrum and the properties of the 
immediate environment of the emitter; hence the utility of the procedure is based on 
establishing empirical principles from studies with model compounds. 
The excited molecules do not always fluoresce. The probability of fluorescence is 
described by the quantum yield, Q that is the ratio of the number of emitted to 
absorbed photons. Several factors determine Q, some of these are properties of the 
molecules itself (internal factors) and some are environmental. 
The internal factors are not generally of interest to biochemist concerned with the 
properties of macromolecules, environmental factors are more important. The effect 
of the environment is primarily to provide radiation less processes that compete with 
fluorescence and thereby reduce Q, this reduction in Q is called quenching. In 
biological systems, quenching is usually a result of either collisional processes (either 
a chemical reaction or simply collision with exchange of energy) or a long range 
radiative process called resonance energy transfer. These three factors are usually 
expressed in an experimental situation involving solutions as an effect of the solvent 
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or dissolved compounds (called quenchers), temperature, pH, neighboring chemical 
groups, or the concentration of the flour. 
It is important to know that distinction between a corrected spectrum and an 
uncorrected one is not often made in the presentation of fluorescence spectra in 
journal articles. It is common to plot a spectrum as the photomultiplier output versus 
wavelength. This is an uncorrected spectrum. Plotting fluorescence intensity or 
quantum yield produces a corrected spectrum. Invariably, when photomultiplier 
output is plotted, it is incorrectly called fluorescence or fluorescence intensity. 
To measure Q requires the counting of photons because 
Q = photons emitted / photons absorbed 
Q is a dimensionless quantity 
Because the energy (E) of one photon is related to the frequency, (u) of the light by 
the relation E = hu, a measurement of the number of photons requires measuring the 
energy of the radiation and correcting for frequency. This usual method for 
determiiung Q requires a comparison with a flour of known Q, two solutions are 
prepared - one of the sample and one of the standard flour - and, with the same 
exciting source, the integrated fluorescence (i.e. the area of the spectrum) of each is 
measured. 
The quantum yield, Qx, of a sample X is 
Qx=IxQsAs/IsAx 
Where Qs is the quantum yield of the standard, Ix and Is are the integrated 
fluorescence intensities of the sample and the standard, respectively and Ax and As 
and the percentage of absorption of each solution at the exciting wavelength. Usually 
the solutions are adjusted so that Ax = As. 
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Two types of fluors are used in fluorescence analysis of macromolecules intrinsic 
fluors (contained in the macromolecules themselves) and extrinsic fluors (added to the 
system, usually binding to one of the components). 
For proteins, there are only three intrinsic fluors - tryptophan, tyrosine and 
phenylalanine. The fluorescence of each of them can be distinguished by exciting 
with and observing at the appropriate wavelength. In practice, tryptophan 
fluorescence is most commonly studied, because phenylalanine has a very low Q and 
tyrocine fluorescence is frequently very weak due to quenching. The fluorescence of 
tyrocine is almost totally quenched if it is ionized, or near an amino group, a carboxyl 
group, or a trytophan. In special situations, however, it can be detected by excitation 
at 280 nm. The principle reason for studying the intrinsic fluorescence of protein is to 
obtain information about conformation. This is possible because the fluorescence of 
both tryptophan and tyrosine depends significantly on their environment (i.e. solvent, 
pH and presence of a quencher, a small molecule, or a neighboring group in the 
protein). 
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INTRODUCTION _ 
Although the chemistry of aza-macrocycles is well established, the development of 
new synthetic methodologies and technologies are still to be explored for their varied 
applications''^. Among polyazamacrocycles, the tetraazacycloalkanes '^* are the most 
studied due to their applications in variety of catalytic, biochemical and industrial 
processes .^ The hexaazamacrocycles are known to give several mononuclear and 
binuclear complexes*^ . However, less work has been reported for higher membered 
polyazamacrocyclic complexes. Octaazamacrocycles exhibit interesting co-ordination 
properties in spite of the large cavity size formed by the macrocyclic backbone. These 
are capable of forming stable mono and binuclear metal complexes, as well as 
stabilize various anions in their protonated form .^ The binuclear polyazamacrocycles 
have attracted increasing interest due to the physical and chemical properties 
8 0 
mimicking binuclear metal centers in enzymes ' , and the relevance of these 
complexes concerning the mutual influence of the two centers on the electronic, 
magnetic and electrochemical properties of these closely spaced paramagnetic 
centers ' . The donor sets and the flexibility in polyazamacrocycles determine the 
position of the metal ions and intemuclear distances. Besides these considerations it 
should be pointed out that the synthetic binuclear macrocyclic compounds have been 
extensively studied'^'*, in view of their synthesis via template technique'^ and a 
variety of binuclear macrocyclic complexes have been reported with many donor 
atoms of same or different kinds, macrocyclic subunit linked together and polycyclic 
compounds with fused cycles'*"'^ ". Nelson and co-workers have reported^'"" many 
binuclear macrocyclic systems resulting in a variety of homo and binuclear metal 
Cfiapter-3 78 
complexes. Shakir et al have also reported '^''^ ^ many binuclear octaazamacrocyclic 
complexes by the template condensation reaction. 
The present work deals with the synthesis and characterization of novel 
binuclear octaazatetraimine macrocyclic complexes, [M2LX4] [M = Mn(ll), Co(Il), 
Ni(II), Cu(II) and Zn(II); X = CI or NO3] resulted from the template condensation 
reactions of N,N'-diacetylhydrazine with o-phenylenediamine. 
EXPERIMENTAL 
Materials and Methods 
The metal salts, MX26H2O [M = Mn(II), Co(II) and Ni(II); X = CI or NO3], 
CuX2 nH20 pC = CI or NO3; n = 2, 3], ZnCh and Zn(N03)2 6H2O (all Merck) were 
commercially available as pure samples. The chemicals o-phenylenediamine (BDH) 
and N,N'-diacetylhydrazine (Acros) were used as received. Methanol was dried before 
26 
use . 
Synthesis of complexes: 
Tetrachloro/nitrato[5,6:13,14-dibenzo-3,8,ll,16-tetramethyl-l^,4,7,9,10,12,15-
octaazacyclohexadeca-3,7,1145-tetraene] bimetal(II), [M2LX4] [M = Mn(II), 
Co(II), Niai), Cu(II) and Zn(II): X = CI or NO3]. 
To a methanolic solution (-25 ml) of the metal salt (0.001 mole) placed in a three 
necked round bottom flask was slowly added a methanolic solution (-20 ml) of o-
phenylenediamine (0.002 moles, 0.216 g) and N,N'-diacetylhydrazine (0.002 moles, 
0.232 g) simultaneously. The reaction mixtures were stirred for 12h leading to the 
isolation of a solid product. The solid product thus formed was filtered, washed with 
methanol, and dried in vacuum. 
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Physical Measurements 
The elemental analyses were obtained from the Microanalytical Laboratory of Central 
Drug Research Institute (CDRI), Lucknow India. The IR spectra (4000-200 cm') of 
the complexes were recorded as KBr/CsI discs on a Perkin Elmer-2400 spectrometer. 
Metals and chloride were determined volumetrically^^ and gravimetrically^ ,^ 
respectively. 'H-hfMR spectra were recorded in DMS0-d6 using a Bruker DRX 300 
spectrometer with Me4Si as an internal standard. The electrospray mass spectra of the 
complexes were recorded on a MICROMASS QUATTRO II triple quadruple mass 
spectrometer. Magnetic susceptibility measurements were carried out using a Faraday 
balance at 25 C. The UV-visible spectrophotometric studies of the freshly prepared 
lO'^ M DMSO solutions of the complexes in the range 200-1100 nm were conducted 
using a Cintra 5 GBC scientific Spectrophotometer at room temperature. The molar 
conductance was measured for 10"^  M solution in DMSO using a systronic type 302 
conductivity bridge thermostated at 25 ± 0.05°C. 
RESULTS AND DISCUSSION 
A novel series of binuclear octaazatetraimine macrocyclic complexes of the type, 
[M2LX4] [M = Mn(II), Co(II), Ni(II), Cu(II) and Zn(II); X = CI and NO3] has been 
prepared by the metal template condensation reaction between N,N'-diacetylhydrazine 
and o-phenylenediamine in 1:1:1 molar ratio as shown in scheme 1. These complexes 
were found to be soluble in the polar solvents and remain stable in atmosphere. The 
purity of all the complexes was checked by ruiming TLC in chloroform and methanol 
(3:1 ratio) which showed a single spot indicating the formation of the single product. 
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The results of elemental analyses agree well with the proposed stoichiometry 
of the binuclear octaazatetraimine macrocyclic complexes. The positions of molecular 
ion peaks in the mass spectra were also consistent with the proposed molecular 
formulae (Table 1). The low molar conductance values measured in DMSO (lO'^ M) 
suggested their non-electrolytic nature (Table 1). 
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.NH, 
'NH, 
2 MX, 
H3C ^ N N^ ^CH3 
C C 
2 II I 
o o 
MeOH 
2 
2 
N X \ / X II 
H,C 
M = Mn(II), Co(II), Ni(II), Cu(II) and Zn(II); X = CI or NO3. 
Scheme 1: Suggested structure of binuclear octaazamacrocyclic complexes. 
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IR spectra 
The preliminary information regarding the formation of proposed macrocyclic 
complexes has been obtained by comparing the IR spectra of complexes with their 
starting materials (Table 2). The appearance of a new strong single band in the region 
1590-1630 cm"' characteristic^' of coordinated imine fiinction v(C=N) and loss of 
bands characteristic for free carbonyl group and primary amino group of N,N'-
diacetyUiydrazine and o-phenylenediamine moieties, respectively suggested that the 
proposed macrocyclic framework has been formed. A strong band observed in the 
region 3210-3260 cm'', may be assigned to the coordinated secondary amino 
stretching modes^°. All the complexes showed sharp bands corresponding to v(C-H), 
5(C-H) and the phenyl ring vibrations which appear at their expected positions^'. All 
the complexes exhibited a strong absorption band in 420-450 cm"' region assignable 
to v(M-N) vibration^ .^ The coordination of nitrato and chloro groups have been 
ascertained by appearance of bands in the 230-240 cm"' and 275-300 cm"' regions, 
which may reasonably be assigned^^ to v(M-O) of the O-NO2 group and v(M-Cl) in 
[M2L(N03)4] and [M2LCI4] complexes respectively. The spectra of the [M2L(N03)] 
complexes showed additional bands in the 1230-1260, 1040-1080 and 870-890 cm"' 
regions, consistent with monodentate coordination of the nitrato group^ .^ 
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*H NMR Spectra 
The ' H - N M R spectra of both the binuclear Zn(II) macrocyclic complexes recorded in 
DMS0-d6 showed a sharp signal in the 1.81-1.83 ppm region corresponding to imine 
methyl (CH3C=N; 12H) protons '^*. A broad signal observed in the 4.45-4.50 ppm 
region may be ascribed to the secondary amino protons (C-NH-N; 4H) of the 
condensed N,N' -diacetylhydrazine moiety. The spectra showed '^* multiplets in the 
region 6.37-6.53 ppm for the Hi and H2 phenyl protons (CeHj; 8H), respectively. 
However no resonance signal could be identified, corresponding to primary amino 
protons. Thus ' H - N M R spectra fiirther confirmed formation of macrocyclic 
framework. 
Electronic Spectra and Magnetic Moments 
The d-d transitions in the UV-visible spectra of all the binuclear macrocyclic 
complexes (Table 3) were indicative of an octahedral geometry around the metal 
ions^^ The electronic spectra of binuclear complexes, [Mn2L(N03)4] and [Mn2LCl4] 
exhibited two bands m the regions 18,650-18,700 cm'' and 22,400-22,450 cm' which 
may reasonably be assigned to the ^Aig-)>'*Tigand ^Aig->'*T2g transitions, respectively 
corresponding^^ to octahedral geometry for the Mn(II) ion. The magnetic moment 
values for the complexes at room temperature were found to be 5.80 and 5.87 B.M. 
(Table 3) respectively, suggesting a high-spin d^  configuration of Mn(II) ion in an 
octahedral environment. 
The electronic spectra of the binuclear complexes, [Co2L(N03)4] and 
[C02LCI4] showed two bands in the regions 15,900-16,100 cm"' and 21,400-21,700 
cm' , which may reasonably be assigned^^ to the '*Tig(F) —>• '*A2g(F) and 
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'*Tig(F)^ '*Tig(P) transitions, respectively, suggesting an octahedral geometry around 
the Co(II) ion. The magnetic moment values of 4.55 and 4.57 B.M. (Table 3) 
correspond to high spin Co(II) in octahedral environment . The relatively higher 
values of observed magnetic moments than that of spin only moment (3.89 B.M.) may 
be attributed in terms of orbital contribution generally observed for Co(II) 
compounds^ .^ 
The ligand field spectra of the binuclear complexes, [Ni2L(N03)4] and 
[Ni2LCl4] showed two bands m the regions 12,200-12,300 cm"' and 23,700-23,750 
cm'' which may be ascribed to the ^A2g(F)-*^Tig(F) and ^A2g(F)^^Tig (P) transitions, 
respectively indicating^^ an octahedral environment around the Ni(II) ion. The 
octahedral geometry is further corroborated^^ fi-om their observed magnetic moment 
values of 3.14 and 3.10 B.M. (Table 3). 
The electronic spectra of binuclear complexes, [Cu2L(N03)4] and [CU2LCI4] 
showed a shoulder on the low energy side in the region 16,065-16,500 cm"'with a 
main broad band in the region 19,000-19,125 cm"' which may unambiguously be 
assigned to ^Big^^B2g and ^Big^^Eg transitions, respectively consistent with those 
reported for a distorted octahedral geometry around the Cu(II) ions. The observed 
magnetic moments of 1.85 and 1.87 B.M. further compliment the electronic spectral 
results^ .^ 
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SyntHesis and spectraC characterization ofl4-
andl6- membered tetraazamacrocycCic 
Schijf-base Cigands and their transition metaC 
coniptej(es and a comparative study of 
interaction of caCf-thymus ®^ A9? with 
copper(II) comp[ej(es. 
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INTRODUCTION 
Schiff base macrocycles were among the first artificial metal macrocyclic complexes 
to be synthesized'. Studies on complexes of Schiff base macrocyclic ligands have 
received considerable attention in view of their ^plications^ "^ development of 
coordination and bioinorganic chemistry''^  models for biologically occurring 
metelloenzymes^ '"' and biomedical significance'*. A large variety of [1 + 1] and [2 + 
2] macrocyclic ligands have been reported defining the role of donor atoms, their 
relative positions, the number and size of the chelating rings, the flexibility and the 
shapes of the coordinating moiety on the selective binding of charged or neutral 
species and the properties arising fi"om these aggregations'^ '''^ . Recognition of the 
importance of complexes containing macrocyclic ligands for supramolecular science, 
bioinorganic chemistry, biomedical applications, separation and encapsulation 
processes as well as formation of compounds with unusual properties and structures 
tempted the chemists all over world to develop methods for the synthesis of these 
compounds. Many rational synthetic routes to macrocyclic ligands involve the use of 
a metal ion as template to orient the reacting groups of linear substrates in the desired 
conformation prior to ring closure''^. The Schiff base have also been employed as 
ligands for complexation of metal ions'^. Macrocyclic complexes of Cu(II) have been 
reported to interact wdth DNA by different binding modes and exhibited efficient 
nuclease activity'^'^ but unfortimately have received little attention. However, the 
exact mode and extent of binding and cleavage mechanism still remain unknown 
leaving behind a scope for an extensive studies involving macrocycles with different 
structures to evaluate and understand the feature that determine the mode of the 
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binding interaction with DNA and mechanism. The metal complexes of 2-
methylacetoacetanilide and its derivatives have been reported to show interesting 
biochemical properties such as antitumour, antioxidant, antifungal and antimicrobial 
activities'* and laboratory uses and many industrial applications'^. N. Raman and C. 
Thangaraju have reported bivalent metal complexes^" of a fully conjugated 
tetraazamacrocyclic Schiff base ligand formed by condensation reaction of 3-
cinnamalideneacetoacetanilide and o-phenylenediamine. Therefore, it was of worth 
interest to synthesize macrocyclic ligands involving 2-methylacetoacetanilide and 
their complexes and to investigate their spectro-chemical and DNA binding 
properties. In this chapter complexes of Co(II), Ni(II), Cu(II) and Zn(II) with the two 
novel 14- and 16- membered Schiff base tetraazamacrocyclic ligands are reported. 
These free Ugands were synthesized by [2 + 2] condensation reaction of 2-
methylacetoacetanilide with 1,2-diaminoethane and 1,3- diaminopropane, 
respectively. 
EXPERIMENTAL 
Materials and Methods 
The chemicals, 2'-methylacetoacetanilide, 1,2-diaminoethane, 1,3-diaminopropane 
(Acros, India) were commercially pure compounds and used as such. Metal salts (all 
Merck) were used as received. Methanol used as a solvent was dried before use^'. 
Highly polymerized calf-thymus DNA sodium salt (7% Na content) was purchased 
from Sigma Chemical Co. Other chemicals were of reagent grade and used without 
further purification. Deionized water was used through out the study. Calf thymus 
DNA was dissolved to 0.5% w/w, (12.5 mM DNA / phosphate) inO.l M sodium 
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phosphate buffer (pH 7.40) at 310 K for 24 h with occasional stirring to ensure 
formation of homogeneous solution. The purity of the DNA solution was checked 
from the absorbance ratio i426o/^ 280- Since the absorption ratio lies in the range 1.8< 
^26o/^280<l-9, therefore no further deproteinization of DNA was needed. The stock 
solution of complexes Id and 2d with 5 mg/ml concentration was also prepared. 
Synthesis of macrocyclic lignad, (L^): 
7,14-dimethyl-5,12-di(N-aiiiino)-2-methylphenyl-l,43,n-tetraaza-
cyclotetradecane-4,7,1144-tetraene. 
A solution of 1,2-diaminoethane (0.002 mol, 0.13 ml) taken in 20 cm^ of methanol 
was slowly added to a methanolic solution (~20 cm^) of 2-methylacetoacetanilide 
(0.002 mol, 0.382 gm) placed in round bottom flask. The reaction mixture was stirred 
overnight followed by refluxing for 6 hours. The reaction mixture was allowed to 
stand at room temperature resulting in the isolation of microcrystalline solid product 
after couple of days. The product was washed with methanol and dried in vacuo. 
Synthesis of macrocyclic ligand, (L^): 
8,16-dimethyi-6,14-di(N-aniino)-2-methylphenyl-l^,9,13-tetraaza-
cyciohexadecane-5,8,13,16>tetraene. 
The same procedure was adopted for the synthesis of L^  as for L ' except that 1,3-
diaminopropane was used instead of 1,2-diaminoethane. 
Preparation of the complexes, [ML'J(N03)2 [ M = Co(II), Ni(II), Cu(II) and 
Zn(II)l 
To a methanolic solution (-25 cm^) of the hydrated metal nitrate (0.001 mole) taken 
in round bottom flask was slowly added a methanolic solution (-20 cm^) of ligand, L ' 
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(0.001 mol, 0.430 gm). The reaction mixture was stirred for 6h followed by refluxing 
for 4h. Microciystalline solid product was isolated on evaporation over a period of a 
few days. The product was washed with methanol and dried in vacuo. 
Preparation of the complexes, [ML^i^Oih] {M = Co(II), Ni(II), Cu(II) and 
ZnODl 
A similar procedure was adopted for the synthesis of complexes of \} (0.001 mol, 
0.458 gm) as for complexes derived from L*. 
Physical Measurements 
The elemental analyses were obtained from the Micro-anal54ical laboratory of the 
Central Drug Research Institute (CDRI) Lucknow, India. The IR spectra (4000-200 
cm"') were recorded as KBr / Csl discs on the Perkin Elmer - 2400 spectrometer. 
Metals were determined volumetrically^^. ' H and '^C-NMR spectra were recorded in 
DMSO - dfi using a Bruker Avance II 400 NMR spectrometer with Me4Si as an 
internal standard from SAIF, Punjab University, Chandigarh. Electrospray mass 
spectra of the ligands and its complexes were recorded on a micromass quattro II 
triple quadruple mass spectrometer. Magnetic susceptibility measurements were 
carried out using a Faraday balance at 25"'C. The UV-visible spectrophotometric 
studies of the freshly prepared lO'^ M DMSO solutions of the complexes in the range 
200-1100 nm were conducted using a Cintra 5 GBC scientific Spectrophotometer at 
room temperature. EPR spectra were recorded at room temperature on a varian E-4 X-
band spectrometer using TCNE as the g-marker. The electrical conductivities (10"^M 
solution in DMSO) were obtained on a Systronic type 302 conductivity bridge 
thermostated at 25.00 ± 0.05°C. Fluorescence measurements were performed on a 
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spectrofluorimeter Model RF-5301PC (Shimadzu, Japan) equipped with a 150W 
Xenon lamp and a slit width of 3 nm. A 1.00 cm quartz cell was used for 
measurements. For the determination of binding parameters, 50 fiM of complex 
solution was taken in a quartz cell and increasing amounts of ctDNA solution were 
titrated. Fluorescence spectra were recorded at temperature 310 K in the range of 300-
400 nm upon excitation at 266 nm (kem was 336 nm). The UV measurements of calf 
thymus DNA were recorded on a Shimadzu double beam spectrophotometer model-
UV 1700 using a cuvette of 1 cm path length. Absorbance values of DNA in the 
absence and presence of complex were made in the range of 225-290 nm. DNA 
concentration was fixed at 0.2 mM, while the compound was added in increasing 
concentrations. 
Binding analysis of complexes Id and 2d 
To elaborate the fluorescence quenching mechanism the Stem-Volmer Eq. 1 was 
used for data analysis^^: 
Fo/F=\+Ksw[Q] (1) 
where FQ and F are the steady-state fluorescence intensities in the absence and 
presence of quencher, respectively. ATsv the Stem-Volmer quenching constant and [Q] 
is the concentration of quencher (DNA). The Ksv for the complex Id (2.7 x 10'* L M ' ) 
was found to be one fold higher than the Ksv of complex 2d (2.4 x lO" LM"'). A 
higher Ksv value of Id as compared to 2d suggests its stronger quenching ability. 
Further implicates its higher binding affinity toward the DNA than 2d. The linearity 
of the Fo/F versus [Q] (Stem-Volmer) plots for DNA-ld and 2d complexes (Figure 
1) depicts that the quenching may be static or dynamic, since the characteristic Stem-
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Volmer plot of combined quenching (both static and dynamic) is an upward 
curvature. When ligand molecules bind independently to a set of equivalent sites on a 
macromolecule, the equilibrium between free and bound molecules is given^ '* by the 
Eq. (2): 
log [(Fo -F)/F\ = logK+n log[Q] (2) 
where K and w are the binding constant and the number of binding sites, respectively. 
Thus, a plot of log (Fo -F)IF versus log [Q] (Figure 2), is used to determine K as well 
as n. The binding parameters for complexes Id and 2d were found iohe K^ 21.S ± 
0.81 xio^ M ' ; n = 1.02 mdK= 1.39 ± 0.41 x 10^M'; n = 0.72 respectively. The 
results suggest that the compound have different degrees of afRnity toward the DNA 
molecule. This differential binding of Id and 2d was attributed in terms of different 
molecular structures around the Cu(II) ion. 
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RESULTS AND DISCUSSION 
Schiff base macrocyclic ligands were prepared by [2+2] condensation reaction 
between 2'-methylacetoacetaiiilide and aliphatic diamines, 1,2-dianiinoethane (L') or 
1,3-diaminopropane (L )^ (Scheme 1). TTie complexes of the types, [ML'](N03)2 and 
[ML (^N03)2] [M = Co(II), Ni(II), Cu(II) and Zn(II)] were synthesized by reacting 
with the ligands, L ' and \} respectively in the presence of appropriate metal nitrate in 
1:1 molar ratio (Scheme 2). The purity of the ligands and the complexes was checked 
by TLC run in 3:1 chloroform to medianol ratio. The formation of ligand frameworks 
and the complexes, was deduced on the basis of results of elemental analyses, 
molecular ion peak in ESI-mass spectra (Table 1), characteristic bamis in the FT-IR 
(Table 2), and resonance signals in the 'H and "C NMR spectra (Table 3 and 4).The 
overall geometry of die complexes was inferred fiY>m die observed values of m ^ n ^ 
moments and electronic spectra and the position of bands in the EPR spectra for 
Cu(II) complexes (Table 5). The molar conductance measurements of alt die 
complexes in DMSO coiTes|x>nding to ligand L ' showed 1:2 electrolytic natures while 
complexes of ligand l? exhibited non electrolytic nature. 
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Scheme 2. Suggested structure of [M(L')](N03)2 and [M(L )^(N03)2] 
Where M = Co(II), Ni(II), Cu(II) and Zn(II) 
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IR Spectra 
The IR spectra (4000-200 cm"') of the ligands and their metal complexes feature 
absorption bands characteristics of various functional groups of macrocyclic moiety 
providing information regarding the formation of macrocyclic ligands and their 
coordination mode in the complexes (Table 2).The i.r, spectra of both the ligands 
showed the new strong intensity bands at 1630 and 1635 cm"', which may reasonably 
be assigned^^ to the imine function t)(C=N) in the macrocyclic system. However, no 
band has been observed characteristic of eithsr free primary amine or carbonyl 
functions supportive of the formation of proposed macrocyclic skeleton. A significant 
negative shift (25-40 cm'') in \>(C=N) stretching mode has been observed for the 
complexes as compared to fi'ee ligands suggesting^ the involvement of imine 
nitrogen of the (C=N) groi^ ) in coordination with metal ions. This w^s further 
supported by the appearance of a new medium intensity band in the region 4S0-500 
cm' assignable^^ to t)(M-N) vibration. A broad stnnig intensity band in the i.r. 
spectra of ligands and its complexes in the region (3240-3250 cm') may reasonably 
be assigned to secondary amino groiq). A weak absoiptiim band in tfie r ^ o n 2920-
2925 cm"' may be assigned^ to CHj stretching viixation. AH the complexes showed 
sharp bands corresponding to u(C-H), 6(C-H) and (riienyl ring vil»ations which 
appeared at their expected positions (Table 2). The coordination of nitrato groups has 
been ascertained by appearance of bands in the 230-240 cm"' regions, which may 
reasonably be assigned^' to i)(M-0) of the O-NO2 group in fMd^XNOs):] 
complexes. The IR spectra of these complexes showed further b^nds in 1230-1270. 
1040-1070 and 860-890 cm' region, which were consistent with monodentate 
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coordination of the nitrato group^'. However, the bands corresponding^*^ to free 
nitrate group in [ M L ' ] ( N 0 3 ) 2 complexes appeared in the region 1384-1390 cm' . 
' H N M R spectra 
The *H NMR data for macrocyclic ligands and their Zn(II) complexes (Table 3) 
recorded in DMSO-d^ showed a sharp signal in the region 52.35-2.57 which may be 
assigned to the methyl protons (-CH3; 12H). However, a singlet at ~ 58.55 may be 
attributed^*^ to the pendant secondary amino protons (C-NH-C; 2H). A triplet 
observed in the region 52.83-62.88 for L ' and L^ corresponds^' to the methylene 
protons (N-CH2-C; 8H) adjacent to the nitrogen atom of the imine function of 
macrocyclic framework. Another multiplet at 51.56 may reasonably be assigned^' to 
the middle methylene protons (C-CH2-C; 4H) of the 1,3- diaminopropane moiety in 
ligand L . A multiplet observed in the range 57.67-7.72 for L and L may be 
attributed to the phenyl protons (CgHj; 8H). However, the resonance signals 
obtained for Zn(II) complexes showed downfield shift as compared to the 
corresponding ligands (Table 3) indicating the coordination of ligands to Zn(II) ion. 
" C NMR spectra 
The '^C NMR specfra of the ligands (Table 4) recorded in DMSO-d^ at room 
temperature gave '^C NMR signals characteristic of carbon atoms of imine ftinctions 
and all other carbons in the macrocyclic skeleton at their appropriate positions 
corresponding to the proposed structures. However, the position of peaks in 
complexes compared with the free SchifF base macrocyclic ligands showed slight 
shifts invoking coordination of the ligands to Zn(ll) ion^*'. 
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EPR Spectra 
The EPR spectra of Cu(II) complexes were recorded as polycrystalline sample on X-
Band at frequency 9.1 GHz under the magnetic field strength 3100 G scan rate 1000, 
recorded at room temperature (Figure 3a and 3b). The g|, gi and G values obtained 
fi-om these spectra (Table 5). The gn and gj. values were computed from the spectrum 
using TCNE free radical as 'g' marker. In square planar and distorted octahedral 
geometry, the unpaired electron lies in the dx^ -dy^  orbital giving ^Big as the ground 
state with gj > gj.. The observed g values (Table 5) were characteristic of a square 
planar and a distorted octahedral geometry in complexes [CU(L')](N03)2 and 
[Cu(L^XN03)2], respectively. Kivelson and Neiman^^  have reported the g| < 2.3 for 
covalent character of the metal ligand band and g| > 2.3 for ionic character. Appling 
this criterion the covalent character of the metal ligand bond in the complexes under 
study can be predicted. The trend gj > gx >ge (2.0023) observed for these complexes 
show that the unpaired electron is localized in dx^ -dy^  oriiital of the Cu(II) ions. TTie g 
values are related by the expression 
G = (gr2)/(&i-2) 
which measure the exchange interaction between the copper centers in the 
polycrystalline solid. If G > 4, the exchange interaction is negligible and if G < 4 
considerable exchange interaction occurs in solid complexes^ .^ The G values of 
2.0317 and 1.8067 for the complexes [CU(L')](N03)2 and [Cu(L )^(N03)2] 
respectively, indicate considerable interaction between two copper centers. 
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Muftuisaau 
Figure 3a. EPR spectra of the complex Id at room temperature. 
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Figure 3b. EPR spectra of the complex 2d at room temperature. 
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Electronic spectra and magnetic moments 
The electronic spectra of the complexes were recorded in DMSO (Table 5). The 
electronic spectrum of [CO(L')](N03)2 showed two absorption bands at 12,137 and 
16,254 cm"' assigned to ^B2g-*^Eg and ^Big^^Aig transitions, respectively 
corresponding '^*'^ ^ to a square-planar geometry for the complex. This was further 
supported^^ by observed magnetic moment of 2.12 B.M.. The observed magnetic 
moment of 4.55 B.M. and absorption bands in the electronic spectrum at 14,750 and 
19,841 cm"' assigned to the ''Tig(F)-»-'*A2g(F) and '*Tig(F) ^'*T,g(P) transitions, 
respectively for the [Co(L )(N03)2] were consistent with an octahedral environment 
around the Co(II) ion in the complex similar to that reported earlier^^. 
The electronic spectrum of [Ni(L')](N03)2 exhibited three absorption bands at 
13,720, 21,207 and 25,070 cm"' which may be assigned to the three spin allowed 
transitions, 'Aig(D) -^'A2g(G), 'Aig(D) -^'B2g(G)and 'Aig(D) ^'Eg(G), respectively 
characteristic^" of square planar geometry around Ni(II) ion. The diamagnetic nature 
revealed by magnetic moment studies fiirther confirmed^' the square planar 
envirormient around the Ni(II) ion. While the observed magnetic moment value of 
3.14 B.M. of [Ni(L^)(N03)2] and three electronic spectral bands at 10,235, 16,070 and 
24,517 cm"' corresponding to three spin allowed transitions ^A2g(F) ^^T2g(F), ^A2g(F) 
—»• T|g(F) and ^A2g(F) —>-^ T|g(P), respectively indicated an octahedral geometry^^. 
The spectrum of [CU(L')](N03)2 showed two bands in the visible region, at 17,827 
and 22,275 cm"' assignable to B^ig—>^ A^ig and •^ Big-+^Eg transitions, respectively and 
the observed magnetic moment of the complex was 1.72 B.M. similar to the square 
planar complexes of Cu(n) ion^ *^ . 
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The electronic spectra of [Cu(L )^(N03)2] showed a shoulder at 16,500 cm' with a 
main broad band at 19,127 cm'' which may imambiguously be assigned to ^Big-*^ B2g 
and B^ig—^^ Eg transitions, respectively consistent with those reported^' for a distorted 
octahedral geometry around the Cu(II) ion. The observed magnetic moments of 1.85 
B.M. further complement the electronic spectral results^ .^ 
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Fluorescence measurements 
Binding property of the DNA to complexes Id and 2d 
The fluorescence spectroscopy provides insight of the changes taken place in the 
microenvironment of DNA molecule on ligand binding. The binding of these 
compounds with calf thymus DNA, was studied by monitoring the changes in the 
intrinsic fluorescence of these compounds at varying DNA concentration. Figure 4a 
and b, show the representative fluorescence emission spectra of the synthesized 
compound upon excitation at 266 run. The addition of DNA caused a gradual decrease 
in the fluorescence emission intensity of both the compounds with a conspicuous 
change in the emission spectra. The spectra illustrate that an excess of DNA led to 
more effective quenching of the fluorophore molecule fluorescence. The quenching of 
the compound fluorescence clearly indicated that the binding of the DNA to 
complexes Id and 2d changed the microenvironment of fluorophore residue. The shift 
in emission peak of the synthesized molecule further depicts effective interaction at 
higher DNA concentration, which is more prominent in case of Id. The reduction in 
the intrinsic fluorescence of synthesized molecules upon interaction with DNA could 
be due to masking or burial of compound fluorophore upon interaction between the 
stacked bases with in the helix and/or surface binding at the reactive nucleophilic sites 
on the heterocyclic nitrogenous bases of DNA molecule. 
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Figure 4. Fluorescence emission spectra of complexes Id (a) and 2d (b) in the 
absence and presence of increasing amount of DNA (a) 0 (b) 5 (c) 10 (d) 15 (e) 
20 (f) 25 (g) 30 (h) 35 (i) 40 and (j) A5\iU; pH = 7.4; T = 298K. 
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Absorption spectroscopy 
UV-Vis absorption studies were performed to further ascertain the DNA- complexes 
Id and 2d interaction. The UV absorbance showed an increase with the increase in 
the complex ld/2d concentrations (Figure 5). Since the complexes Id and 2d do not 
showed any peak in this region (Figure 5), hence the rise in the DNA absorbance was 
indicative of the interaction between DNA and the complexes ld/2d molecules. Both 
complexes exhibited hyperchromism but of varied degree. Slight bathchromic shift was 
observed with complex Id, which was negligible with complex 2d. As hypochromism 
and hyperchromism are both the spectral features of DNA concerning of its double helix 
structure. Hypochromism means the DNA binding mode of complex is electrostatic effect 
or intercalation which can stabilize the DNA duplex^*'•'', and hyperchromism means the 
breakage of the secondary structure of DNA. So we primarily speculate that the complex 
interacting with the secondary structure with calf thymus DNA resulting in its breakage 
and perturbation. After interaction with the base pairs of DNA, the Tir-n* orbital of the 
bound ligand can couple with the n orbital of the base pairs, due to the decrease T^ -TC* 
transition energy, which results in bathochromic shift'"'. The shift in the spectra of Id 
suggests the more interference of orbital by this molecule, which also corroborates 
with the high binding affinity of this Id. The above changes are indicative of the 
conformational alteration of DNA which are of varied extent. 
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Figure 5. Absorbance spectra of DNA and DNA-ld(A) / 2d(B) system. DNA 
concentration was 0.20 mM (a). ld/2d concentration for DNA-compound system 
was at 12.5 nM (b), 25^M (c), 50\M (d) and lOO^M (e). 
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Synthesis, pHysico-cHemicaCatufantmicroSiaC 
screening studies of comp[e:)(es ofCo(II), 
!Nt(II) Cu(II)andZn(II)'witli 18-membered 
Schijfbase octaazamacrocycCic Cigand. 
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INTRODUCTION 
A major portion of inorganic chemistry may be related to its main branch that is 
coordination chemistry, which is the investigation of the properties, structures and 
reactions of complexes formed by ligands coordinated to a transition metal center. 
The rational design and synthesis of macrocyclic ligand systems capable of 
accommodating metal centers in close proximity and their spatial arrangement is an 
effective area of research'. Macrocycles find their wide applications in medicine, 
cancer diagnosis, treatment of tumors, metal ion techniques and treatment of kidney 
stone^" .^ Macrocyclic ligands have been used successfully for diverse processes such 
as separation of ions by transport through artificial and natural membrane, liquid-
liquid or solid-solid phase transfer reactions, preparation of ion selective electrodes, 
isotope separation and in the understanding of some natural processes through 
mimicry metalloenzymes^'^. Water soluble complex catalysts are of current interest 
due to the advantages of facile separation of the product fi-om the catalyst plus high 
activities and selectivities, together with the green chemistry benefits of water as a 
solvent'. The stability of macrocyclic metal complexes depends upon a number of 
factors, including the number and types of donor atoms present in the ligand and their 
relative positions within the macrocyclic skeleton, as well as the number and size of 
the chelate rings formed on complexation''". Macrocyclic SchifFbase nitrogen donor 
ligands have received special attention because of their mixed hard-soft donor 
character and versatile coordination behavior"'^ for their enantioselective catalytic 
reactions , biological activities, i.e. toxicity against bacterial growth'", 
anticancerous'^ and other biochemical properties'^''I Schiff bases have been 
extensively employed in the understanding of molecular processes occurring in 
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biochemistry, material science, catalysis, encapsulation, activation, transport and 
separation phenomena, hydrometallurgy etc'*' '. The presence of N=C—C=N 
structure unit in Schiif bases responsible for the formation of a strong chelate ring 
resulting in possible electron delocalization associated with extended conjugation 
affecting the nature of the complex formed^ .^ Recently, we have reported^' binuclear 
macrocyclic complexes of a few first row transition metals by template condensation 
reaction between o-phenylenediamine and N,N'-diacetylhydrazine In continuation to 
this work an attempt was made to prepare and isolate free macrocyclic ligand by 
condensation reaction of 1,8-diaminonaphthalene with N,N'-diacetyLhydrazine. 
This chapter deals with preparation and characterization of Schiff base macrocyclic 
ligand, (L) 7,9:16,18-dinaphthyl-1,3,4,6,10,12,13,15-octaazacyclooctadecane-
1,5,10,14-tetraene and its complexes and their antimicrobial screening activity. 
EXPERIMENTAL 
Materials and Methods 
The chemicals, 1,8-diaminonaphthaline (Aldrich) and N,N'-diacetylhydrazine (Acros) 
were commercially pure compounds and used as such. Metal salts (all Merck) were 
used as received. Methanol used as solvent was dried before use^^. 
Synthesis of macrocyclic ligand, (L): 
7,9:16,18-dinaphthyM3,4,6,10,12,13,15-octaazacyclooctadecane-l,5,10,14-
tetraene. 
A methanolic solution (-20 cm^) of 1,8-diaminonaphthaline (0.002 mol, 0.316 gm) 
placed in a round bottom flask was slowly added to a methanolic solution (-20 cm^) 
of N,N'-diacetylhydrazine (0.002 mol, 0.232 gm) with constant stirring for 12h. The 
solution was then refluxed and stirred for 3h. The reaction mixture was then kept for 
CfiapUr-5 122 
evaporation resulting in a brown solid product on standing for about 72h. The 
product was filtered, washed several times with methanol and dried in vacuum. 
Synthesis of complexes: 
Dichloro/dmitrato[7,9:16a8-dinaphthyl-13,4,6,10,12,13,15-
octaazacyclooctadecane-l^,10,l^tetraene] metal(II), [MLX2]; [M = Co(II), 
Ni(II), Cu(II) and Zn(II); X = CI or NO3] 
An equimolar amounts of the methanolic solution of the macrocyclic ligand, (L) and 
corresponding metal salt in (1:1 ratio) were reacted in the round bottom flask. The 
reaction mixture was stirred for 12h leading to the isolation of solid product which 
was filtered, washed several times with methanol and dried in vacuum. 
Physical Measurements 
The elemental analyses were obtained from the Micro-analytical laboratory of the 
Central Drug Research Institute (CDRI) Lucknow, India. The IR spectra (4000-
200cm"') were recorded as KBr / Csl discs on the Perkin Ehner - 2400 spectrometer. 
Metals and chloride were determined volumetrically^^ and gravimetrically^^, 
respectively. ' H and '^C NMR spectra were recorded in DMSO-dg using a Bruker 
Avance II 400 NMR spectrometer with Me4Si as an internal standard from 
Sophisticated Analytical Instrumental Facility (SAIF), Punjab University, 
Chandigarh, India. Electrospray mass spectra of the ligand and its complexes were 
recorded on a micromass quattro II triple quadruple mass spectrometer. Magnetic 
susceptibility measurements were carried out using a Faraday balance at 25°C. The 
UV-visible spectrophotometric studies of the freshly prepared lO'^ M DMSO solutions 
of the complexes in the range 200-1100 nm were conducted using a Cintra 5 GBC 
Scientific Spectrophotometer at room temperature and TGA-DTA and DSC were 
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^a 
performed on a Schimadzu Thermal Analyzer under nitrogen atmosphere using 
alumina powder as reference from Chemistry Department, AMU, Aligarh (India). 
EPR spectra were recorded at room temperature on a varian E-4 X-band spectrometer 
using TCNE as the g-marker. The electrical conductivities (lO'^M solution in DMSO) 
were obtained on a Systronic type 302 conductivity bridge thermostated at 25.00 ± 
0.05°C. Spectroscopic measurements (Job's method) were performed at room 
temperature on an Elico SL 159 spectrophotometer. 
RESULTS AND DISCUSSION 
A [2+2] condensation reaction between 1,8-diaminonaphthalene and N,N'-
diacetylhydrazine (1:1 molar ratio) in methanol resulted a novel Schiff base 
octaazamacrocyclic ligand, L (Scheme 1). The complexes of the type, [MLX2] [M = 
Co(II), Ni(II), Cu(II) and Zn(II); X = CI or NO3] were prepared by the reaction of 
ligand, (L) with appropriate metal salt in a 1:1 molar ratio in methanol (Scheme 2). 
The level of the purity of the ligand and its complexes was checked by T.L.C. on 
silica gel coated plates. The ligand and its complexes formed as solids stay stable in 
atmosphere and dissolve in solvents viz., methanol, DMF, DMSO and water. The 
metal to ligand stoichiometry has been analyzed spectrophotometrically using Job's 
method '^*. 
The formation of ligand framework and its complexes was ascertained on the basis of 
results of elemental analyses, molecular ion peak in ESI- mass spectra (Table 1), 
characteristic bands in the FT-IR (Table 2) and resonance signals in the 'H and '^ C 
NMR spectra (Table 3 and 4). The overall geometry of the complexes was inferred 
from the observed values of magnetic moments, electronic spectra and the position of 
bands in the EPR spectra for Cu(II) complexes (Table 5). The molar conductance 
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values of all the complexes measured in DMSO (lO'^ M) suggest^ * their non-
electrolytic nature (Table 1). 
H 
H3Q N—NH jcn^ \ y \y 
2 I 
o 
c 
I 
o 
MeOH 
I 
Scheme 1. Formation and suggested structure of macrocyclic ligand. 
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H3C, fi N CH3 
Scheme 2. Suggested structure of octaazzamacrocyclic complexes. 
M = Co(II), Ni(II), Cu(II) and Zn(II); X = CI or NO3 
I 
1 
f 
I 
I 
N 
B 
9t 
•SI 
U a 
s -^ 
I 
o 
s 
o 
a 
. 2 ^ 
N 
a Tj 
a 
s 
o 
a 
a 
o 
U 
o 
o 
o 
m A 
oo 
o 
o 
m A 
(N (N 
O O 
m 
A 
O o 
en A 
o 
o 
A 
o 
o 
rn A 
^ (N ^ 0^ 
o 
o 
m A 
vo 
o 
o 
A 
o 
ON ON ^ ^ 00 \0 t ^ IT) 
s:;;;^^Qpog>oooo o S ^ o ^ ' ^ O f n ' o J S 
?5 S?^ ?^  2 2 J^  ?^  22 2 ?^  ^22 2 F^  ^ ^ 5, 
^ ^ ^ ^ -^ ^ ^' 3V-1-" S ^ S-^t S ^ S ^ S 
t i * ^ ^ ' O ON CN ;• ' 
^ l l m 0\ t~" ^ 
s o :d :cj .u-> i n
• * o ON <o r^ 
r_ iV; ITA r_ * " ^ ' -^"^  ^^ "^' '*><-> o T ^^ 
m O N ( N f ^ ( k J < ^ ' ^ - " 1 ' ^ ' ^ ^ < ^ * ? < ~ i ^ 
o 6 o d o N O N o d < * * ^ w ' ^ o ^ ' - ' ® c K o N o ' o 
NO 
o 
(-1 
o ON ^ NO f"- NO 
-^ 
o 
a 
^ 
o 
ea 
PQ CQ Q 
f^  ^ *- ^ 5 
•fe O r- O ^ 
•^J >.0Q 
NO 
2 
P3 
ON 
NO 
00 
NO 
•^-.-^ 
J3 • 
0 0 . 00 
'^ S ZJ (in 
; Q i ° O N O N ^ ^ O O N N O N O ^ ^ O - ^ T t u - i t N < N 
• ^ ^ V O ^ O ^ ^ ^ ^ ^ ^ ^ ^ ^ N O ^ N O N O ^ ^ 
o 
I O 
u 
o 
u 
o 
u 
o 
u 
T3 oo r-i, or i M Z oor^ o o ^ o o r ) » ^ — U u u i E "^  E' ^ i ' J i" ^ ffi' d K d i " •-J ffi •-J 3C' 
ti) oo O 00 O 00 "^ 00 -"-I o o P o o P o o C o o C oo 
Cfuipter-5 127 
IR spectra 
The i.r. spectra of ligand and its complexes feature bands characteristics of various 
functional groups of macrocyclic moiety providing information regarding the 
formation of macrocyclic ligand and its coordination mode in the complexes (Table 
2).The IR spectrum of macrocyclic ligand shows^^ a band at 1625 cm"' charecteristic 
of u(C=N). However no band characteristic of NH2 and CO groups of 1,8-
diaminonaphthalene and N,N'-diacetylhydrazine moieties, respectively have been 
observed suggesting that the proposed macrocyclic framework has been formed. A 
significant negative shift in u(C=N) stretching mode appearing in 1600-1580 cm"' 
region for the complexes as compared to free ligand suggest the involvement of imine 
nitrogen of the (C=N) group in coordination with metal ions^ '^^ .^ This is further 
supported by the appearance of a new medium intensity band in the region 480-500 
cm" assignable to v(M-N) vibration. A broad strong intensity band in the i.r. 
spectra of ligand and its complexes in the region 3220-3250 cm"', may be assigned to 
the secondary amino stretching modes. Bands appearing in the regionl440-1480, 
1080-1100 and 760-790 cm"' were assigned to aromatic ring vibrations. The other 
absorption peaks corresponding to u(C-H) and 5(C-H) appear at their proper 
positions. The coordination of nitrato and chloro groups has been ascertained by 
appearance of bands in the 230-240 cm"' and 275-300 cm' regions, which may 
reasonably be assigned to u(M-O) of the O-NO2 group and u(M-Cl) in [ML(N03)2] 
and [MLCI2] complexes, respectively comparable to that reported eariier^'. The 
spectra of the [ML(N03)2] complexes show additional bands in the 1230-1260, 1040-
1080 and 870-890 cm"' regions, consistent with monodentate coordination of the 
•If) 
mtrato group . 
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^H and'^CNMR spectra 
The integral intensities of each signal in the 'H NMR spectra of macrocyclic ligand 
and its complexes were found to agree with the number of different types of protons 
present. The 'H NMR spectrum of the ligand shows '^ a sharp signal at 1.90 ppm 
ascribed to imine methyl (CH3C=N; 12H) protons. A broad signal observed at 4.91 
ppm may be ascribed to the secondary amino protons (C-NH-N; 4H) of the 
condensed N,N'-diacetylhydrazine moiety. A multiplet in the region 7.06-7.11 ppm 
(Ar-H) may reasonably be assigned to aromatic protons of naphthalene moiety of the 
macrocyclic framework . However, the resonance signals obtained for Zn(II) 
complexes show slight downfield shift as compared to the ligand (Table 3) indicating 
the coordination of ligand to Zn(II) ion. 
The '^ C NMR spectrum of the ligand and its Zn(II) complexes gave signals 
characteristics of different carbon atoms of macrocyclic framework appeared at their 
appropriate positions expected for proposed structure. However, the positions of 
resonance signals were found to be slightly downfield shifted in complexes as 
compared with the free Schiff base macrocyclic ligand (Table 4) confirming^^ the 
coordination of the ligand to Zn(II). 
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EPR spectra 
The EPR spectra of Cu(II) complexes were recorded as polycrystalline sample on X-
Band at frequency 9.1 GHz under the magnetic field strength 3100 G scan rate 1000, 
recorded at room temperature (Figure la and lb). The analysis of spectrum gave gj 
= 2.0793-2.1065, g± = 2.0470-2.0701 (Table 5). The observed g|| values for the 
complexes are less than 2.3 in agreement with the coyalent character of the metal 
ligand bond. The trend g] > gi > 2.0023 observed for the complexes indicate that the 
unpaired electron is localized in dx^ -dy^  orbital of the Cu(II) ion and the spectral figure 
are characteristics of axial symmetry suggesting a tetragonally elongated structure for 
the Cu(II) complexes. 
The calculated G values by the relationship, G = (g||-2) / (gi-2) which measure the 
exchange interaction between the metal centers in polycrystalline solid have been 
found to be less than 4 suggesting considerable exchange interaction in the solid 
complexes'''*. 
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Figure 1(a). EPR spectra of the [CuL(N03)2] complex at room temperatiire. 
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Figure 1(b). EPR spectra of the[CuLCl2] complex at room temperature. 
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Electronic spectra and magnetic moments 
The electronic spectra of cobalt(II) complexes, [CoL(N03)2] and [CoLCb] showed 
three bands in the 9,085-9,000, 16,750-17,000 and 21,600-21,800 cm' regions 
assignable to the ^ig(F) — T^zgCF), ^,g(F) -* 'AjgCF) and '^,g(F) ^ -^ igCP) 
transitions, respectively corresponding^ "^^ * (Table 5) to the octahedral geometry 
around the cobalt(II) ion. The observed magnetic moment of values 4.55 and 4.58 
B.M. (Table 5) further siqyport the high spin octahedral geometry around Co(II) ion. 
The proposed octahedral geometry around the Ni(n)ion in [NiL(N03)2] and [NiLCh] 
has been inferred ftora the absorption bands obtained in the regions 10,070-10,200, 
15,750-16,050 and 24,270-24,450 cm', attributed to %g(F) -* ^2g(F), ^A2g(F) -» 
^ig(F) and ^A2g(F) -* ^ig(P) transitions, respectively, similar to that reported '^ 
earlier. The observed magnetic moments of 2.95 and 2.98 B.M. further corroborate^* 
an octahedral environment around the Ni(II) ion corresponding to high spin 
configuration. 
The absorption spectra of the six coordinate Cu(II) complexes show three spin 
allowed transitions in the range 11,335-11,585, 18,650-18,678 and 27,340-27,385 
cm'' corresponding '^ to the transition ^Big-> ^Aig, ^Big -^ B^ag and ^B|g-»^Eg, 
respectively consistent with tetragonally distorted octahedral geometry around Cu(II) 
ion. It has been further confirmed by the observed magnetic moment values of 1.86 
and 1.99 B.M. for [CuIXNOjh] and [CuLCh], respectively. 
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Thermal analysis (TGA/DTA/DSC) 
The thermal stabiHty of the complexes was investigated using thermogravimetric 
analysis (TGA) which was carried out at a heating rate of 25°C/min in a nitrogen 
atmosphere over a temperature range of 25-900°C. All complexes have a similar 
decomposition process. The relative high thermal stability observed in all thermally 
investigated complexes may correspond to the absence of any solvent / water 
molecules in/out the coordination sphere. This is proposed referring to the higher 
thermal stability observed for all investigated complexes in which the first 
decomposition step is started at relatively higher temperature. The thermograms of 
TGA of macrocyclic complexes exhibit decomposition between 325-41 S^ C which 
may be due to the removal of the coordinated chloride or nitrate ions. The second 
decomposition stage followed the previous one ended at 740°C which may be 
attributed to the decomposition of the organic part of the compounds into their 
corresponding oxides. Further horizontal constant curve may be due to the presence of 
the residue of metal oxides in the remaining part'"*. 
The DTA curves of all the complexes show endothermic peak in the temperature 
range 380-520°C which may be assignable to the loss of coordinated chloride or 
nitrate ions. The sharp decomposition corresponding to the loss of organic moiety in 
complexes can be seen in the DTA curves which contained one sharp exothermic 
peak falling in the range of 540-785°C and indicate the formation of metal oxides. 
The DSC plot exhibits well-defined endothermic and exothermic peaks. The first 
transition is a sharp endotherm while the second step is exothermic in nature. 
However, a small exothermic hump is obtained in the case of complexes owing to the 
conversion of metal to its elemental form. 
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Job's plot 
Job's method of continuous variation is commonly used for determining the 
composition of the complex in solution. These solutions were prepared in a manner 
that the total analytical concentration of the metal and ligand remains constant, while 
the ligand: metal ratio varies from flask to flask, that is: 
CM + CL = k 
where CM and CL are analytical concentration of the metal and the ligand, respectively 
and k is the constant. The absorbance is plotted as a function of mole fraction (X) of 
the ligand or metal in the flasks. The resulting curve is known as Job's plot. 
X =XLorXM 
X I = CL / CM + CL 
where XL is the mole flection of the ligand and XM is the mole fraction of the metal. 
The Job plot for [CuLCb] and [CoLCb] complexes (Figure 2) obtained at A^ax = 645 
and 500 nm respectively, consist of two straight lines intersecting at X = 0.5, 
suggesting 1:1 stoichiometry of each complex. Similar plots were observed at 
different wavelengths. 
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Figure 2. Job's plots (a) [CuLCb] complex at 645 nm (b) [C0LCI2] complex at 500 
mn. 
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Biological screening 
The antibacterial activity of the macrocyclic ligand and its complexes was performed 
by the disc diffusion technique"''*^. The zone of inhibition was measured against 
Staphylococcus aureus (Gram-positive) and Escherchia coli (Gram-negative). A clear 
zone around the discs indicates the inhibitory activity of the compound on the 
organism. Each bacterial culture was cultured on nutrient agar plate and incubated for 
18 to 24 hours at 37°C. Subsequently a suspension of about 1.0 x 10* cfu / ml was 
prepared in autoclaved saline solution. The bacterial cultures (adjusted to 0.5 
McFarland standard) were then used to lawn Muller Hinton agar plates evenly using 
sterile swabs. The plates were dried for 15 min and used for the sensitivity test. Then 
the test compounds (500^g/l concentration) were poured over the disc plates. The disc 
of Amikacin (30ng) was used as a positive control for E. coli and DMSO poured disc 
as a negative control. Whereas for S. aureus Vancomycin (30 .^g) was used as a 
positive control and DMSO poured disc as a negative control. The plates were 
incubated at 37°C for 18 to 24h depending on the species of bacteria used in test. 
After the incubation the plates were examined for inhibition zone. 
The results of antibacterial activity indicate that the inhibitions are much larger by 
metal complexes as compare to the metal free ligand (Table 6). The increased activity 
of the metal chelates can be explained on the basis of chelation theory"* .^ The 
chelation of ligand to metal tends to make it more powerful and potent antibacterial 
agent killing bacteria than the ligand. 
The antifungal screening of the ligand and its complexes was performed in vitro 
against F.solani, .A. brassicae and A niger by the poisonous food technique*' '*^ . 
Potato dextrose agar (PDA) was used as medium for test. For the evaluation of the 
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antifungal activity of the synthesized compounds, 1 mg of each test compound was 
dissolved in 100 ^ 1DMSO to get ready the stock solutions. From these stock solutions 
varied concentrations 100, 200 and 500 ng/1 of the test compounds were set. Cultures 
of the fungal isolates were grown on potato dextrose agar for about seven days at the 
optimum growth temperature 28±2°C. Small discs of 0.6 mm of the fungal isolates 
were cut with sterile cork borer and transferred aseptically in the centre of the Petri 
dish containing PDA amended with varied concentrations of the test compound. For 
each test compoimd three concentrations were taken and for each concentration three 
replicates were maintained. Blanks containing neat solvent i.e. DMSO (negative 
control) was also run parallel in the same plate. The activity of different fungal 
pathogens against the synthesized compounds was assessed on the basis of colony 
diameter, compared with control after five days of incubation at the optimum growth 
temperature. 
Results indicate that metal complexes are more active as compared to free ligand to 
inhibit the fungal growth and among all the isolates, the compounds at the highest 
concentration series i.e. 500 (ig/1 exhibit least growth in colony diameter whereas it 
increased at lesser concentrations (Table 7). 
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Hevftptate synthesis andphysicocliemicaC 
studies of 14-memf)eredfunctiona[ized 
-pendant arm Schijfbase macrocycCic 
comp(e:Kes ofCo(II), !Nt(II} Cu(II) and 
Zn(II): cD!m Binding study on Cu(II) 
comp(ej(. 
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INTRODUCTION 
The design and study of well-arranged metal containing macrocycles have gained an 
accelerated research interest in recent years and has been a subject of numerous 
reports' because of their unique coordination chemistry^. Such compoimds usually 
behave as model ligands for metal enzymes, as metal ion selective ligands and as 
metal chelating agents for medical purposes and also significant for the development 
of new methodologies^. Schiff bases have been of great importance in many of the 
macrocyclic area of chemistry due to their selective chelation to certain metal ions 
depending on the number, type and position of their donor atoms, the ionic radius of 
the metal center, coordinating properties of coimter ions'* and rational synthetic routes 
involving metal ion as template which orient the reacting groups of linear substrates 
in the desired conformation prior to ring closure^. Much effort has now been focused 
on pendant arm macrocyclic complexes due to the fact that the ligating group attached 
to the macrocyclic skeleton can offer additional donor groups to maintain the 
coordination sphere of metals in the macrocycles^.These molecules play an important 
role in the processes of molecular recognition of organic compounds^'^. Complexes of 
modified aza-crowns are usefiil as agents for the selective binding of actinides^. 
Pendant arms can enhance the selectivity of the ligand for a given ion and may allow 
for fine-tuning of the properties of the complexes"*. These ligands have the ability to 
stabilize complexes with unusual oxidation states and mixed valence states. Their 
complexes exhibit antitumor or anti-HIV activity'', act as probes and model 
molecules for biochemical processes'^ and also have the ability to cleave D N A ' I 
Further bimetallic complexes have possibility for magnetic interactions between two 
metal ions leading to the design the molecular magnetic materials'^ Functionalized 
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pendant arm macrocyclic complexes have been designed and prepared to mimic the 
structure and properties of certain metalloenzymes and metalloprotiens . Currently, 
the chemistry of tetraaza macrocyclic ligands bearing fimctionalized pendant arm 
continues to develop intensively'^, because of their applications in various areas such 
as medical'^, environmental sciences'*, biomimetic chemistry'^, catalysis , molecular 
electronics^'. Such ligands show enhanced thermodynamic and kinetic stabilities due 
to their modified complexation properties relative to the corresponding simple 
macrocycle precursor^^. These properties stimulate researchers to further exploit their 
derivatives^^. 
This chapter comprises of the synthesis and characterization of 14-membered 
fimctionalized pendant arm Schifif base macrocyclic complexes by the template 
condensation reaction of 3,3'-diaminobenzidene and acetylacetone. 
EXPERIMENTAL 
Materials and Methods 
Metal salts (all Merck), were commercially available pure samples. The chemicals, 
3,3'-diaminobenzidene (Acros) and acetylacetone (Fluka) were used as received. All 
the solvents used were of standard analytical grade. Highly polymerized calf-thymus 
DNA sodium salt (7% Na content) was purchased fi-om Sigma Chemical Co. Other 
chemicals were of reagent grade and used without fiirther purification. 
Preparation of stock solutions 
Calf thymus DNA was dissolved to 0.5% w/w, (12.5 mM DNA/phosphate) in 0.1 M 
sodium phosphate buffer (pH 7.40) at 310 K for 24 h with occasional stirring to 
ensure formation of homogeneous solution. The purity of the DNA solution was 
checked from the absorbance ratio Ai^o/Aj^o. Since the absorption ratio lies in the 
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range 1.8< A26o/A2»o < 1.9, therefore no further deproteinization of DNA was needed. 
The stock solution of [CuL(N03)2] complex with 5 mg/ml concentration was also 
prepared. 
Synthesis of the complexes: 
Dinitrato[23:9,10-biphenyldiamine-5,7,12,14-tetramethyl-l,4,8,ll-tetraaza-
cycloteradecane-4,7,ll,14-tetniene] metal(n), [MLNO3] [M = Co(II), Ni(II), 
Cu(II) and Zn(n). 
To the solution of 3,3'-diaminobenzidine ( 0.002 mol, 0.428 gm) in 20 ml of 
acetonitrile and distilled water (1:1 ratio) placed in a round bottom flask was slowly 
added a solution of acetylacetone (0.002 mol, 0.20 ml) taken in 20ml acetonitrile and 
the mixture was stirred for about 2-3h. This was followed by addition of metal nitrate 
(0.001 ml) solution in 20 ml acetonitrile. The reaction mixture was stirred for 12h 
leading to the isolation of a solid product. The solid product thus formed was filtered, 
washed with methanol, and dried in vacuum. 
Physical Measurements 
The elemental analyses were obtained from the Micro-analytical laboratory of the 
Central Drug Research Institute (CDRI) Lucknow, India. The IR spectra (4000-200 
cm"') were recorded as KBr / Csl discs on the Perkin Elmer - 2400 spectrometer. 
Metals were determined volumetrically '^*. 'H N M R spectra were recorded in DMSO-
d6 using a Bruker Avance II 400 NMR spectrometer with Me4Si as an internal 
standard from SAIF, Punjab University, Chandigarh, India. Electrospray mass spectra 
of the complexes were recorded on a micromass quattro II triple quadruple mass 
spectrometer. EPR spectra were recorded at room temperature on a varian E-4 X-band 
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spectrometer using TCNE as the g-marker. The UV-visible spectrophotometric 
studies of the freshly prepared lO'^ M DMSO solutions of the complexes in the range 
200-1100 nm were conducted using a Cintra 5 GBC Scientific Spectrophotometer at 
room temperature. Magnetic susceptibility measurements were carried out using a 
Faraday balance at 25°C. The electrical conductivities (10"^  M solution in DMSO) 
were obtained on a Systronic type 302 conductivity bridge thermostated at 25.00 ± 
0.05°C. Fluorescence measurements were performed on a spectrofluorimeter Model 
RF-5301PC (Shimadzu, Japan) equipped with a 150 W Xenon lamp and a slit width 
of 5nm. A 1.00 cm quartz cell was used for measurements. For the determination of 
binding parameters, 30 fiM of complex solution was taken in a quartz cell and 
increasing amounts of ctDNA solution was titrated. Fluorescence spectra were 
recorded at temperature 310 K in the range of 300-400 nm upon excitation at 365 nm 
(Kex was 365 nm). The UV measurements of calf thymus DNA were recorded on a 
Shimadzu double beam spectrophotometer model-UV1700 using a cuvette of I cm 
path length. Absorbance value of DNA in absence and presence of the complex was 
made in the range of 220-300 nm. DNA concentration was fixed at 0.1 jiM, while the 
complex concentration was varied from 5 to 20 ^M. 
Binding equilibrium 
To fiirther elaborate the fluorescence quenching mechanism the Stem-Volmer 
equation-1 was used for data analysis^^: 
Fo/F=I+Ksv[Q] (1) 
where Fo and F are the steady-state fluorescence intensities in the absence and 
presence of quencher, respectively. Ksv the Stem-Volmer quenching constant and [Q] 
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is the concentration of quencher (DNA). The Ksv for the [CuL(N03)2] complex was 
found to be of the order of 10'* (1.39 x lO"* Lmol''). The linearity of the Fo /F versus 
[Q] (Stem-Volmer) plots for DNA-[CuL(N03)2] complex (Figure 1) depicts that the 
quenching may be static or dynamic, since the characteristic Stem-Volmer plot of 
combined quenching (both static and dynamic) is an upward curvature. When ligand 
molecules bind independently to a set of equivalent sites on a macromolecule, the 
equilibrium between free and bound molecules^^ is given by the equation-2: 
log[(Fo-F)/F] = logK + nlog[Q] (2) 
where K and n are the binding constant and the number of binding sites, respectively. 
Thus, a plot of log (Fo -F)/F versus log [Q] can be used to determine K as well as n 
(Figure 2). The values of K and n were found to be (1.11 ±1.13) xio'* M"' and 1.01 
respectively. 
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100 
[QllM 
Figure 1. Stem-Volmer plot for binding of Cu(II) complex with DNA at 298K. 
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log [Ql 
Figure 2. Plot of log (Fo-F)/F versus log [Q] for determining the binding constant and 
number of binding sides of Cu(II) complex on DNA. 
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RESULTS AND DISCUSSION 
The template condensation reaction between 3,3'-diaminobenzidene and acetylacetone 
(1:2:2 molar ratio) resulted the formation of a novel series of Schifif base pendant 
armed macrocyclic complexes, [ML(N03)2] [M = Co(II), Ni(II), Cu(II) and Zn(II)] 
(Scheme 1). The level of the purity of the complexes was checked by T.L.C. on silica 
gel coated plates. The complexes formed as solids stay stable in atmosphere and 
dissolve in DMSO. 
The formation of complexes was ascertained on the basis of results of elemental 
analyses, molecular ion peak in ESI- mass spectra (Table 1), characteristic bands in 
the FT-IR (Table 2) and resonance signals in the 'H N M R spectra. The overall 
geometry of the complexes was inferred from the observed values of magnetic 
moments and electronic spectra (Table 3). The molar conductance measurements of 
all the complexes in DMSO suggest '^ their non electrolytic nature. 
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H2N. 
H2N' 
.NH2 
•NH2 
+ 
6 o 
H2N. 
H2N' 
MXznHjO 
X H , 
N NO3N \ l / 
M /l\ 
N NO3N 
H,C 
.NH, 
NH. 
CH, 
M = Co(II), Ni(II), Cu(II) and Zn(II) 
Scheme 1. Suggested structure of Schiff base macrocyclic complexes. 
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IR spectra 
Preliminary identification of the synthesized pendant armed Schiff base macrocyclic 
complexes has been obtained from IR spectra (Table 2). The absence of bands 
characteristics of carbonyl group of acetylacetone and the appearance of the D(C=^ )^ 
bands in 1590-1620 cm ' region strongly suggests^^ that the macrocyclic fi-amework 
has been formed. This is further supported by the appearance of a new band in the 
region 480-500 cm'' assignable^' to u(M-N) vibration. However, the appearance of a 
doublet in the region 3380-3350 cm"' in all macrocyclic complexes may be due to the 
N-H stretching frequency of the primary amino groups of the benzidine moiety. A 
weak absorption band in the region 2920-2925 cm"' may be assigned^*^ to CH3 
stretching vibration. All the complexes show sharp bands corresponding to u(C-H), 
5(C-H) and phenyl ring vibrations which appear at their expected positions (Table 2). 
The coordination of nitrato groups has been ascertained by appearance of bands in the 
230-240 cm' regions, which may reasonably be assigned^' to u(M-O) of the O-NO2 
group in [M(L)(N03)2] complexes. The IR spectra of these complexes show 
additional bands in the 1230-1270, 1040-1070 and 860-890 cm"' region, which are 
consistent with monodentate coordination of the nitrato group^'. 
*H NMR spectra 
The H NMR spectra of Zn(II) complex show a sharp signal at 2.47 ppm 
corresponding^^ to imine methyl (CH3C=N; 12H) protons, while a singlet at 2.13 ppm 
may be assigned^^ to central methylene (C-CH2-C; 4H) protons of the 2,4-
pentanedione. However, a singlet at 4.29 ppm may be attributed^^ to the primary 
amino protons (C6H3-NH2, 8H) of benzidine. A broad multiplet observed in the 6.95-
7.21 ppm, region may be assigned" to the aromatic ring protons. 
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EPR spectra 
The EPR spectrum of the powdered soHd copper(II) complex was recorded on X-band 
at frequency 9.1 GHz under the magnetic field strength of 3000 G scan rate 2000, 
recorded at room temperature. The g|| and gj. values were computed from the spectrum 
using TCNE free radical as 'g' marker which gives g| =2.13 and gi = 2.05. The 
observed g| value is less than 2.3 which is in agreement with the covalent character of 
the metal ligand bond. The observed trend gj > gi > 2.0023 suggesting that the 
impaired electron is localized in dx^ -dy^  orbital of the Cu(II) ion. 
G = (g||~2) / (gi-2), which measure the exchange interaction between the metal 
centers in polycrystalline solid was calculated and it has been found to be less than 4 
suggesting considerable '^* exchange interaction in the solid complexes. 
Electronic spectra and magnetic moments 
The electronic spectrum of [CoL(N03)2]complex showed three absorption bands at 
9,185, 16,850 and 21,200 cm"' assignable to the '^ig(F) -^ ^2g(F), %^) ->• ^gCF) 
and '*Tig(F) —>• '*Tig(P) transitions, respectively corresponding^ '^^ ^ to the octahedral 
geometry around the cobalt(II)ion. The observed magnetic moment value of 4.59 
B.M. corresponding to high spin state further supports the octahedral geometry 
around the Co(II) ion. 
The proposed octahedral geometry around the Ni(II) ion in [NiL(N03)2] has been 
inferred from the observed band positions at 10,030, 15,650 and 24,360 cm' 
attributed to ^A2g(F) -* T^jgCF), A^jgCF) ^ 'T,g(F) and 3A2g(F) -> T^.gCP) transitions, 
respectively, similar to the reported earlier^ .^ The observed magnetic moment of 2.92 
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B.M. further corroborate an octahedral environment around the Ni(II) ion in high spin 
configuration^*. 
The absorption spectrum of the six coordinate Cu(II) complex shows three bands at 
11,425, 18,750 and 27,355 cm'' corresponding^^ to the transitions ^Big^ ^Aig, ^Big 
—^  B^2g and B^ig—»^ E^g, respectively. Therefore, it may be concluded that the complex 
possess tetragonally distorted octahedral geometry. It has been further confirmed by 
the magnetic moment value of 1.82 B.M. for this complex. 
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Fluorescence measurements 
Binding property of tiie [CuL(N03)2] complex with DNA 
The fluorescence spectroscopy provides insight of the changes taken place in the 
microenvironment of DNA-[CuL(N03)2] complex . The interaction of [CuL(N03)2] 
complex with calf thymus DNA was studied by monitoring the changes in the 
intrinsic fluorescence of [CuL(N03)2] complex at varying DNA concentration. Figure 
3, shows the representative fluorescence emission spectra of the synthesized 
compound upon excitation at 280 nm. The addition of DNA caused a gradual decrease 
in the fluorescence emission intensity of the complex with a conspicuous change in 
the emission spectra. It can be seen that a higher excess of DNA led to more effective 
quenching of the fluorophore molecule fluorescence. The quenching of the compound 
fluorescence clearly indicated that the bmding of the DNA to [CuL(N03)2] complex 
has changed the microenviroiunent of fluorophore residue. The reduction in the 
intrinsic fluorescence of synthesized molecule upon interaction with DNA could be 
due to masking or burial of [CuL(N03)2] complex fluorophore upon interaction 
between the stacked bases within the helix and/or surface binding at the reactive 
nucleophilic sites on the heterocyclic nitrogenous bases of DNA molecule. 
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Figure 3. Fluorescence emission spectra of Cu(II) complex in the absence and 
presence of increasing amount of DNA from (a) to (j); pH = 7.4; T = 298K 
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Absorption spectroscopy 
UV-Vis absorption studies were performed to further ascertain the DNA-
[CuL(N03)2] complex interaction. The UV absorbance showed an increase with the 
increase in drug concentration (Figure 4). Since [CuL(N03)2] complex does not show 
any peak in this region (Figure 4), hence the rise in the DNA absorbance is indicative 
of the complex formation between DNA and [CuL(N03)2]- The [CuL(N03)2] complex 
at 260 nm exhibited hyperchromism of 30% at 1:1 molar ratio. Hypochromism and 
hyperchromism are both the spectral features of DNA concerning its double helix 
structure. Hypochromism means the DNA binding mode of complex is electrostatic 
effect or intercalation which can stabilize the DNA duplex"* '^^ ', and hyperchromism 
means the breakage of the secondary structure of DNA. So we primarily speculate 
that complex interacting with the secondary structure with calf thymus DNA resulting 
in its breakage and perturbation. After interaction with the base pairs of DNA, the TT-
7t* orbital of the bound ligand can couple with the n orbital of the base pairs, due to 
decreased n-n* transition energy, which results m bathochromic shift"^. The 
prominent shift in the spectra also suggests the tight complexation of synthesized 
molecule with DNA, which resulted in the change in the absorption maxima of the 
DNA. The above changes are indicative of the conformational alteration of DNA on 
Cu(II) complex binding. 
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260 
Wavelength [nm] 
301 
Figure 4. Absorption spectra of DNA in the absence and presence of different 
concentration of Cu(II) complex. DNA concentration was 0.10 mM (a). Cu(II) 
complex concentration for DNA-compound system was at 12.5 ^M (b), 25 
)iM (c) and 50 ,^M (d) and x represents Cu(II) complex alone. 
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